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1I. INTRODUCTION
.
The determination of organic compounds in low con-
centrations under field conditions involved a careful study
of the reactions of each compound. A method of determination
to "be accurate had to be thoroughly tested under conditions
as similar to field conditions as possible. It was necessary
to determine the possible interferences and limits of each me-
thod developed. The compounds used contained a halogen or ni-
trogen and sometimes both in the molecule. The methods of an-
alysis developed were used with the purpose of determining the
halogen or nitrogen compound resulting from the decomposition
of the original compound by means of suitable absorbing solu-
tion. The organic compounds used included compounds which are
gases, liquids and solids at ordinary temperatures. Gas concen-
trations of liquids and solids were produced by the high explo-
sive force of the explosive used, and by the'temperature pro-
duced on detonation. The term gas as it is used includes
concentrations produced from gases, liquids, and solids. In
liquids there is both the liquid and gaseous phase, and in
solids, a gaseous and particulate phase and possibly a liquid
phase to be considered. The choice of compounds used depends
upon their stability on detonation. The compounds used were
not appreciably composed on detonation, if the amount of ex-
plosive was properly varied for each compound. The determin-
ation of a concentration depending on a halogen determination

2means nothing if the compounds are partially decomposed.
These facts were all essential in choosing the correct method
of analysis, and method of sampling.
The sampling of gas concentrations in the field
presented many problems that required satisfactory solutions
if interpretations were to "be made on tiieanalysi s. With a
standard method of sampling, the procedure of each method of
analysis was readily applied to the analysis of field samples.
The samples of gas were collected by means of evacuated
bottles with the Automatic Electrical Sampling Apparatus. On
releasing the vacuum of the bottle in a gas concentration a
sample of gas was drawn in and confined in the bottle. Due
to the very low concentrations obtained in the field, it was
necessary to introduce dilute absorbing solutions into the
bottles to decompose the gas. It was necessary that complete
absorption and decomposition take place in the cold. This was
hastened by thoroughly shaking the bottle. Nuraerousrapid
and accurate methods of analysis for the determination of
organic halogen using dilute absorbing solutions were develop-
ed.
Sodium peroxide in dilute solutions was introduced
for the decomposition and analysis of organic halogen. Its
use was extended as a reagent for determining nitro groups
microchemically
.
quantitative methods for the determination of hal-
ogen in the following substances were worked outand studied:
Chloropicrin, Brom-benzyl cyanide, Dichl ordiethyl sulphide,
Trichloromethyl chloro formate
,
Chloracetophenone
,
D.M., Di-

3chlordime thyl ether and benzal chloride. Methods for the
determination of the following mixtures were introduced:
Chloropicrin and Dichlordiethyl sulphide; chloropicrin and
trichloromethyl chloroformate
;
cyanogen chloride and phosgene.
A method of determining chloropicrin and trinitro-
toluene mi chro chemically gave very satisfactory results.
The automatic sampling of gases by means of the el-
ectro magnet and evacuated "bottle was so satisfactory that
a description of the apparatus and its use is given. A wide
application of this method of sampling may be made for samp-
ling of gases under different conditions and fo rmany other
purposes.
This study is divided into three parts:
1. The Determination of Organic Halogen.
2. Sodium Peroxide as a Reagent in
Mi chro chemical Analysis.
3. Sampling of gases in low concentrations.

4II. HISTORICAL.
The methods outlined in the literature for the
determination of halogens in organic compounds cannot be
carried out rapidly. The use of special apparatus or large
amounts of reagent and often both are necessary. A fair
sized sample of the substance must also be taken for analysis.
A bomb furnace, fusion method or combustion method must be
used. To this class belong the methods of Cairius, Liebig,
Volhard, Pringsheira and Reid. Donau determined halogens in
small amounts of organic substances* by decomposing them in
a micro bomb.
These methods could not be applied on low concen-
trations of organic compounds. Neither the apparatus nor
the methods could be applied due to the fact that heat and
large amount of reagent for decomposition are necessary.
The reagents such as lime, soda lime, and sodium hydroxide
are not easily obtained chloride free.
The use of dilute solutions of the reagents was
the first procedure tried out. Weyle (page 45) states that
in very few instances can the halogen in organic compounds
be determined directly. Silver nitrate often precipitates
the halogen of a halogen acid salt. Acid chlorides are hy-
drolysed in dilute solution and may be titrated with standard
silver nitrate solution using potassium chromate as an
1. Monatsch 33 - 169 - 76.

indicator. By the action of alcoholic potassium hydroxide
the halogen is split off from many organic compounds. Hal-
ogen substituted acids when treated with the sodium amalgam
and water give the sodium salt of the halide. Ziesel'8
method of determining Methonygrups may be applied to the de-
termination of halogens in compounds such as alkyl iodide,
etc.
4Lowenherz decomposed organic halogen compounds
; b
with sodium amalgam in alcohol. Theme thod of Stepanov in
which he uses sodium in absolute alcohol to decompose organic
6 7halogens has also been used by Lowenherz. Bacon modified
Stepanov' s method by using sodium ethylate on organic com-
pounds. Walker and McCrae recommend 10$ more sodium to
Bacon's modification.
The use of sodium amalgam in alcohol, and sodium in
absolute alcohol in ultimate analysis suggested their use as
absorbing solutions for the decomposition of low gas concen-
trations. The amount of substance presentbeing small, the
concentration of the absorbing solution was decreased as much
as possible. The absorbing solutions were used on substances
that were insoluble in water, or whose solubility was not
over 0,1%, Some substances were used that were hydrolyzed
1. H. Meyer M. 22 109, 415 (1901).
2. Kekule A. Supl . I, 340 (1861).
3. M. 6 989 (1885); M. 7 406 (1886).
4. Zt. Physikal Ghem. 40, 399 (1902).
5. Ber. 39, 4056 (1906*77
6. Zt. Physikal Ghem. 36. 469 (1901 ).
7. J.A.C.S. 31, 49 (1909).
8. J.A.G.S. 33, 598.

by water. It waa necessary to determine by experimentation
whether an oxidation or reduction reaction was the satisfac-
tory one to use, or whether a neutral salt was equally desir-
able. The action of the following absorbing solutionson the
above mentioned compounds were studied for complete or par-
tial decomposition: aqueous and alcoholic sodium hydroxide
and sodium carbonate, sodium ethylate, sodium thiosulphate
,
aqueous and alcoholic sodium peroxide, sodium amalgam in al-
cohol, alcoholic sodium sulphite and potassium permanganate.
No mention has been made of the use of dilute
solutions of sodium peroxide in Organic analysis. Sodium
1
peroxide was first used in the fusion method by Hempel and
2Clark for the determination or organic halogen. Hempel
recognized its superiority in the fusion method over other
oxidizing agents on account of its purity andrapidity of ac-
tion. Themethod was later modified by Pringsheim^. The use
of sodium peroxide in dilute solutions, in the oxidation of
organic compounds makes the use of sodium peroxide more im-
portant in the field of Organic Analysis than it has been in
the past.
1. Hempel, Zt. Anorg. Chem. (1892) 3, 193.
2. J. Chem. Soc. Trans. (1893) 10797
3. Ber. 38, 2459, (1905); Ber. 41, 4267 (1908).

7III. DISCUSSIOIT.
The conditions which are carefully controlled in
the laboratory in studying the effectiveness of a gas con-
centration cannot "be controlled in the field. The results
obtained in the laboratory must be applied under field con-
ditions to determine whether the substance is fully as ef-
fective as it was in the laboratory experiments. Different
methods of sampling and analysis must be developed and used.
The diffusion of the molecules of any gas in air
is increased by convection currents, due to differences in
the temperature of the soil and the air above it, andstill
more by the winds. The concentration effective under atmos-
pheric conditions mu8t be exceedingly high unless the gas is
considerably heavier than air. According to Graham's law,
the rate of diffusion of the molecules of any gas is inverse-
ly proportional to the square roots of tiieir densities.
The wind must have the right strength and direction or the
gas cloud will not traverse the desired sector. The effect
of wind currents and eddies, contour of the land, (that is,
the effect of valleys and woods) and the effect of humidity
and temperature have a direct influence on the effectiveness
of a concentration. The optimum wind velocity is 4-12 miles
per hour, and assuming a velocity of 6 miles an hour, the
cloud travels at the rate of about 9 feet per second.
The duration of a concentration, except in case
of continuous fire is comparatively short. The sampling of

8gases must "be quick and efficient, and this is obtained by-
taking a series of instantaneous samples automatically.
Samples taken over a longer period do not represent the con-
centration at any exact moment, and the sample also represents
a concentration of another part of the moving cloud. Con-
centrations in the field as determined by their effect on men
and animals are not high, a concentration of 1 part in 10,000
may produce immediate casualties without protection. The
average concentration obtained on the field is much lower.
The determination of organic compounds under these conditions
is very much lower than the amounts ordinarily considered.
The determination of concentrations obtained in the
field requires an accurate analysis. The quantitative deter-
mination of organic compounds was studied in a new light as
accurately as experimental errors would allow. This is par-
ticularly important because the substances are toxic and ef-
fective in these low concentrations and also in lower con-
centrations than can be accurately determined.
The concentrations that may be obtained vary with
the vapor pressure of the substance at the given temperature.
A high vapor pressure will give a high maximum concentration
and makes it possible to obtain a higher concentration for
analysis. When the vapor pressure is very low the highest
obtainable concentration is often so low that its determina-
tion is difficult unless a large sample is collected. In
case of solids the particulate phase is more important than
the gaseous phase. The concentration is produced by using
a Mbooster M which, due to the explosive force, disperses the

98olid in a very finely divided state. The substances being
in the atomized or particulate phase are sampled and analyzed
in the regular way. Very low concentrations were effective
before the eye or nose could detect them, others were effec-
tive in such low concentrations that an accurate estimation
seemed out of the question. This is especially true of the
solid substances. The use of colorimetric methods of analysis
were necessary for the very low concentrations.
A careful study of the methods of determining var-
ious organic compounds was made. The compounds used contained
either chlorine, bromine, or nitrogen, and the problem was
to U3e a suitable absorbent which would decompose the substance
and give the above elements in an ionized form that could
be readily determined. The higher the per cent of chlorine,
bromine, or nitrogen in the compound the lower was the con-
centration that could be determined. Hence the percentage of
these elements in a compound was one of the limitations for
determining low concentrations.
Methods of oxidation and reduction in alkaline and
acid solution, and reactions with neutral salts were care-
fully tried out for the decomposition of the various compounds.
For the decomposition, a standard amount of 50 c.c. of ab-
sorbing solution is always used. A dilute absorbing solution
is used whenever possible. Thelower the amount of reagent
necessary to reduce or oxidize a compound, the lower is the
blank determination. Alcoholic solutions of absorbents are
desirable when concentrations of gases are being aspirated
through absorbing solutions. The alcohol is used as a
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solvent to allow the absorbing solution to completely decom-
pose the gas. In the methods for the analysis of field
samples, aqueous solutions have been used wherever possible.
Using an evacuated bottle for sampling, the gas is confined
in the container for the action of the absorbing solution, and
intimate contact between the gas and absorbing solution is
obtained by thorough shaking. The use of alcohol has been
omitted wherever possible because its use lengthens the pro-
cedure due to the fact that it must be removed by boiling
before proceeding with the analysis.
The criteria of a quantitative method for determin-
ing a low gas concentration of a compound are: (l) The ab-
sorbing solution must completely decompose the substance;
(2) Decomposition must take place in the cold. As an alter-
native alcohol may be used as an absorbentand the solution
refluxed for decomposition; (3) An aqueous solution of the
absorbent should be used. The decomposition i s as effective
as with alcoholic solutions in most cases, and the procedure
is greatly shortened. (4) The shorter the method themore
efficiently it can be applied in analyzing a large number of
samples; (5) A volumetric or micro-chemical method only,
should be used.
In using Volumetric methods of analysis for chlorine
or bromine 0.3 c.c. of N/100 silver nitrate is used as the
limit or accuracy. Below this value is considered a trace,
as the end point is too indefinite. Whenever standard solu-
tions of Iodine could be used lower concentrations were
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determined because a very definite end point is always ob-
tained with 0.05 c.c. of 0.02N solution of Iodine.
The size of evacuated bottle which gave a good
sample and was easy to handle in large numbers was a 2£ liter
bottle. In very low concentrations a better sample is ob-
tained by using a larger bottle. The larger bottles, how-
ever, were not as easy to handle in large numbers. The ad-
vantage of the evacuated bottle for sampling is the fact
that in a drifting concentration the exact concentration at
a point for a given period, can be determined by a series of
samples. Concentrations of some compounds which are strong
enough to produce casualties are often too low to be accurate-
ly determined from small samples. Such concen trati on sare
best obtained by taking an average sample over a definite
period. "By this method accurate results were obtained with
low concentrations.
Direct Method.
In developing a method of analysis of a compound
the Direct Method of decomposition and analysis was always
tried out first. The sample of liquid was always weighed out
in a sealed glass bulb, thus avoiding an errors in taking
the sample. If the sample was solid it was either weighed
out directly, or an aliquot of the compound in some solvent
was measured out. The sample was placed in a 500 c.c. glass
stoppered bottle. Various strengths of absorbing solution
were used to determine the best one to use. Several glass
beads were added to facilitate breaking the glass bulb by

12
shaking. The bottle was shaken for £ hour and analyzed im-
mediately, or allowed to stand for a certain period. The
contents of the "bottle were transferred to an Erlenmeyer
flask and acidified with concentrated nitric acid. When al-
cohol was present, it was boiled off before acidifying. The
chloride or bromide was then determined by adding an excess
of standard silver nitrate. The silver chloride was coagulat-
ed by warming the solution, filtered off, and washed. The
filtrate was cooled. The excess silver was titrated with
standard sodium thiocyanate, using 2 c.c. of ferric alum as
the indicator. A blank determination was alwaysmade.
Vacuum Bottle Method
.
To duplicate field sampling as nearly as possible
the Vacuum Bottle Method of analysis was also used. The 2£-
liter acid bottle was the easiest available bottle, also the
most rugged to withstand hard usage. It was used until the
L.P.G. Vacuum Bottle was designed.
The 2-^-liter acid bottle was fitted with a No. 23
"Longshape" one-hole rubber stopper. A piece of glass tubing
about 4 inches long having a 2 mm. wall and a diameter of
10 mm. was inserted into the stopper. A piece of pressure
tubing about 3 W - 3^ H long with a clamp attached was fitted
on the glass tubing. A weighed sample in a glass bulb was
placed in the bottle with a few glass beads to facilitate
breaking the bulb. The stopper was tightly inserted into
the neck of the bottle by means of a Stopper Holder designed
for the purpose.
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The bottle was then evacuated and the bulb broken.
Any liquid having a normally high vapor pressure was immed-
iately vaporized. "Then the vapor pressure was low or the
samples were large, they vaporized more slowly. A solid was
only appreciably affected when an alcoholic solution was used,
in this way giving better dispersion. In this method the
absorbing solution had to decompose the compound in the bottle
exactly as under field conditions. After decomposition the
desired method of analysis was applied for halogens or other
elements and groups. If a method gave satisfactory results
with the Direct and Vacuum Bottle method, it was used for the
determination of a concentration from a gas chamber as a final
test for its accuracy. This waB as close to field conditions
as could be obtained in the laboratory.
In the experimental work, reference will be made
quite frequently to the Direct and Vacuum Bottle Method of
decomposi tion.
In the L.P.G. Vacuum bottle, the rubber stopper of
the 2^-liter acid bottle was eliminated, and the L.P.G.
bottle was used with a rubber tubing connection between the
tip and the bottle proper, or a glass tip was sealed on the
bottle directly before evacuating. (See Photograph No. 2.)
Losses of Vacuum did not occur with this bottle on standing
and it was easier to handle.
It is essential that a blank determination be made
with each series of determinations; especially is this im-
portant in all low concentrations.
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Complete contact of the gas in thebottle with the
absorbing solution was only obtained by thorough shaking.
Thorough shaking of the bottle and allowing i t to stand over
night was a very good, reliable and convenient method to use.
By increasing the time of shaking and making it continuous,
the time of standing necessary was in most cases shortened to
several hours. The shaking in the course of this work was
performed on a shaking wheel. Comparative results were thus
obtained because each bottle received identically the same
treatment.
The concentration of a compound may be expressed in
several different ways. It may be expressed as milligrams per
liter. This method is a convenient one to use and is not
based on any assumptions. The concentration may also be
expressed in Parts per Million by Volume and from this the
concentration or volume of air containing one volume of gas
is readily obtained. The term, parts per million , is cal-
culated from the gram molecular volume, and assumes that the
compound obeys the gas laws. This assumption is not true be-
cause it is known that compounds having a low boiling point
and high vapor pressure do not obey the gas laws; and high
boiling substances of low vapor pressure, as well as solids
do not obey the gas law at all. All three methods of express-
ing concentrations are given throughout this work because no
,
other form of expressing concentration has been adopted.
Chloracetophenone , D. M., chloropicrin and brom-
benzyl cyanide are insoluble in water and are not hydrolyzed
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by it. Dichlordiethyl sulphide is 0,1% soluble in water, but
is slowly hydrolyzed by cold and very easily by hot water.
Benzal chloride is decomposed by water at 150° C, and is not
hydrolyzed in the cold. Trichloromethyl chloro foimate is
slowly hydrolyzed in the presence of water, and the reaction
is quite rapid at 100° G. Dichlordime thyl ether is slowly
hydrolyzed by water. Phosgene and cyanogen chloride are
very easily decomposed by water. The compounds studied in-
clude solids and liquids unaffected by water, liquids in-
soluble in water but hydrolyzed by it, liquids slowly hydro-
lyzed by water, and compounds which are gaseous at ordinary
temperatures and very easily decomposed. The compounds in-
clude very stable compounds which are quantitatively decom-
posed by the dilute absorbing solutions used.
The following standard methods have given the best
results and will be referred to throughout this study.
SODIUM PEROXIDE METHOD.
Procedure .
Solutions:
±% to S% Sodium peroxide
Concentrated liitric Acid.
hi/10 to N/100 Silver Nitrate
N/10 to N/100 Sodium Thiocyanate.
Ferric Alum indicator.
Collect a sample, if in the gaseous phase, in an
evacuated bottle. If a liquid, weigh in a glass bulb and use
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Direct Method of Analysis, if a solid use an alcoholic solu-
tion or weigh out sample directly, using the Direct method.
Introduce 50 c.c. of absorbing solution and shake thoroughly
for \ hour and proceed with the analysis; or shake at inter-
vals and allow to stand over night. After decomposition,
transfer the contents of the bottle to an Erlenmeyer flask,
carefully washing out the bottle. Acidify with 5 c.c. con-
centrated nitric acid. Add an excess of standard silver
nitrate solution, warm to coagulate the silver halide, filter,
wash and cool. Add 2 c.c. of ferric alum as indicator and
titrate the excess silver nitrate with standard sodium
thiocyanate. Make a blank determination at the same time
that the analysis is made.
ALCOHOLIC SODIUM SULPHITE METHOD.
Solutions:
Z>% Sodium Sulphite, in 30$ alcohol
Concentrated Mtric Acid.
h/10 or &/100 silver .Nitrate
N/10 or N/1 00 Sodium Thiocyanate
Ferric Alum indicator.
Sodium Sulphite is a neutral salt, although in
solution it acts both as a neutral salt and as a reducing
agent. The alcoholic sodium sulphite method was in use be-
fore the sodium peroxide method was worked out. The disad-.
vantage of the alcoholic sodium sulphite method is the time
consumed in making the analysis. The alcohol and the sulphur
dioxide must be boiled off, which consumes considerable time
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when compared with the aqueous sodium peroxide method. When
complete decomposition occurs, the alcoholic sodium sulphite
is an accurate method of determination.
Add 50 c.c. of the alcoholic sodium sulphite solu-
tion to thebottle containing substance to be decomposed.
Shake thoroughly and allow to stand over night. Transfer the
solution to an Erlenmeyer flask and boil off the alcohol.
Acidify with 5 c.c. of concentrated nitric acid. Add an ex-
cess of standard silver nitrate solution. Carefully boil off
the sulphur dioxide that is formed. Filter off the precipit-
ate of silver halide, wash and cool. Add 2 cc. of ferric
alum as indicator to the filtrate and titrate the excess silver
nitrate with standard sodium thiocyanate solution. Make a
blank determination at the same time that the analysis is
made
.
SODIUM ETHYLATE METHOD
,
Solutions
:
1 - 5% Sodium Ethyl ate.
Concentrated Nitric Acid (Sp. Gr. 1.42)
N/10 to N/100 Silver Nitrate
N/10 to N/100 Sodium Thiocyanate.
Ferric Alum Indicator.
The sample is decomposed with 25 c.c. of the
sodium ethylate solution. Shake thoroughly and allow the
bottle to stand over night. After decomposition, transfer
the contents of the bottle into an Erlenmeyer flask taking
care that the solution and blank are made up to the same
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volume. Evaporate off the alcohol. Cool and add 10 c.c. of
concentrated nitric acid. Add an excess of standard silver
nitrate and warm to coagulate the percipitate of silver halide,
filter, wash and cool. Add 2 cc. of ferric alum as indicator
and titrate the excess silver nitrate with standard sodium
thiocyanate. Make a "blank determination along with the analy-
sis.
SODIUM HYDROXIDE AND SODIUM CARBONATE METHODS
.
Solutions:
kfo - 10$ Sodium Hydroxide or Sodium Carbonate
Concentrated Nitric Acid (Sp. Gr. 1.42)
N/10 to N/100 Silver Nitrate
N/10 to N/100 Sodium Thiocyanate.
Ferric Alum Indicator.
Whether the Direct or Vacuum Bottle Method of de-
composition be used, the bottle is shaken with 50 c.c. of
the aqueous or alcoholic absorbing solution and allowed to
stand over night. Transfer the contents of the bottle to an
Erlenmeyer flask and boil off the alcohol. Acidify with
concentrated nitric acid. Add an excess of standard silver
nitrate. Warm to coagulate the silver halide, filter, wash
and cool the filtrate. Titrate the excess silver nitrate
with standard sodium thiocyanate using 2 cc. of ferric alum
as indicator. Make a blank determination at the same time
that the analysis is made.
The procedure for aqueous sodium hydroxide or so-
dium carbonate is the same as for alcoholic solutions, except
that there is no alcohol to hoil off.

DETERMINATION OF HALOGEN IN ORGANIC COMPOUNDS.
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IV. EXPERIMENTAL.
Chloropicrin .
Sodium peroxide has been used in Organic Analysis
as a gross reagent. Its use in dilute solutions for the
decomposition of chloropicriri required some experimentation
and it was found that the results were as accurate with the
weaker as with the stronger solutions. Alcohol was first
used as a solvent for the chloropicrin in the absorbing solu-
tions. The results obtained with aqueous solutions of Bodium
peroxide, showed that the presence of alcohol was unnecessary.
Fresh solutions of peroxide were prepared for every series of
determinations that were carried out.
Action of Alcoholic Sodium Peroxide
Solution on Chloropicrin.
An alcoholic solution of sodium peroxide was first
used in the decomposition of chloropicrin. The presence of
alcohol was found necessary in absorption methods whenever
the air containing the substance in the gaseous phase was
aspirated through wash bottles containing the absorbing solu-
tion. The Direct Method of decomposition was first used,
with 50 cubic centimeters of the absorbing solution. The
samples were shaken at intervals and were analyzed at the ex-
piration of the time indicated in the table, according to the
standard sodium peroxide method. The purity of the sample
used was 99.04 per cent.

TABLE X.
3.6# Sodi um Peroxide in 50^ Alcohol
Time Gm. Chloro-
oicrin taken
Gm. Chloro-
oicrin found
% Decompo-
sition .
15 rain. 0.0332 0.03274 98.67
30 min. 0. 0504 0.04999 99.25
60 min. 0.0354 0.0358 101.29
0.0660
TABLE 2.
99 01
3.6?£ Sodium Peroxide in 20$ Alcohol.
Time Gm.Chloro-
picrin
taken
Gra.Chloro-
picrin
found
$ Decompo-
sition.
Gapaci ty
of bottle
in c.c.
1+ hour 0.0160 0.01607 100.43 500
ii " 0.0151 0.0151 100.2 500
2 0.0380 0.03807 100.18 500
2 w 0.0282 0.0280 99.6 500
Overnight 0.0343 0.03423 99.81 2500
0.0530 0.05296 99.92 2500
0.0451 0.04509 100.0 2500
0.0282 0.0283 100.68 2500
The Vacuum Bottle method gave results that were in
accordance with those obtained by the Direct Method. Samples
of chloropicrin were weighed in sealed glass bulbs and were
placed in 2-^-liter bottles. Each bottle was evacuated and
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the bulb broken by shaking the bottle. 50 c.c. of the sodium
peroxide solution were drawn in and the bottles were shaken
for one-half hour and allowed to stand over night. The So-
dium Peroxide Method of analysis was used. The purity of the
sample used was 98.05^.
TABLE 3.
3.6^ Sodium Peroxide in 50^ Alcohol.
Gm. Gm , % Gm. Parts Cone. Cone
.
chloro- Chi oro- Decomp. Chloro- per taken found
picrin ni o rin picrin million
taken found per *y
Liter Vol.
0.0628 0.0650 100.4 0.0251 3,400 1/292 1/291
0.0787 0.0784 99.7 0.0314 4,285 1/233 1/234
0.0758 0.07643 100.8 0.0303 4,127 1/242 1/240
0.0502 0.0508 101.3 0.0200 2,733 1/365 1/361
0.1310^ 0.1311 100.0 0.0524 7,140 1/140 1/140
# Capacity of bottle 4. 4 liters.
Decomposition of Chloropicrin with Aqueous
Solutions of Sodium Peroxide
.
Strong solutions of the aqueous sodium peroxide
were first used. It was found that dilute solutions of so-
dium peroxide will completely decompose ordinary concentra-
tions of chloropicrin.
A series of determinations were made, keeping the
amount of chloropicrin used constant, as nearly as possible,
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and varying the strength of sodium peroxide solution used.
The Vacuum Bottle method was used for the decomposition of
the chloropicrin . The bottles were shaken for hour and
night
allowed to stand over/except where the \% solution was used.
This solution was analyzed at once. 50 mgm. in a 2^-liter
"bottle is equivalent to 20 mgm. per liter or a concentration
of 1 part in 370. The \% to 1% solutions of sodium per-
oxide will easily decompose the ordinary concentrations of
chloropicrin. The highest concentration that has been ob-
tained in the field is about 1 part in 800.
TABLE 4.
Varying concentrations of Sodium Peroxide
on Chloropicrin.
Strength Cm, Chloro- Per Cent
NapQp in % picrin taken Decomposi tion
13 0.0478 99.91
0.0533 99.32
10 0.0529 100.3
7.2 0.0623 99.72
5.6 0.0530 99.92
0.0504 99.25
3.6 0.0585 99.8
1 0.0536 98.8
£ 0.0720 98.29
£ 0.0534 99.44
0.0498 99.5
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The next study taken up was to determine the strength
of sodium peroxide solution necessary for the complete decom-
position of various amounts and concentrations of chloropic-
rin. The limit of each concentration of sodium peroxide was
obtained by taking a large sample and obtaining the decom-
position value. If the result was low, the weight of chloro-
picrin was gradually decreased until complete decomposition
was obtained. This gave the maximum concentration of chloro-
picrin that could be determined with a given sodium peroxide
solution.
The following procedure was used throughout this
work: The chloropicrin is weighed in glass bulbs, placed in
2^-liter bottles, the bottles evacuated, bulbs broken, and
50 cubic centimeters of freshly prepared sodium peroxide
solution are drawn in. The bottles are each thoroughly shak-
en for the length of time indicated, and the contents im-
mediately transferred to Erlenmeyer flasks. The solution is
acidified with 5 cubic centimeters of concentrated nitric
acid and excess of N/10 silver nitrate is added. The silver
chloride is coagulated by boiling, if necessary, filtered
off and washed. Two cubic centimeters of ferric alum indi-
cator are added and the excess silver nitrate is titrated
with N/10 sodium thiocyanate. A blank determination is
carried out at the same time.

TABLE 5.
1/8$ Solution of Sodium Peroxide on Chloropicrin
Time of Shaking - 1/2 hour
Chloropicrin Taken : Chloropicrin Found
Cap. :
of :
Bottle
:
Mgm. Mgm. P. P.M.
per by
liter vol.
Cone. ; Mgm. Mgm.
per
liter
P. P.M. Cone,
by
vol
.
%
Decomp.
2560 24.2 9.4 1278 1/783 24.3 9.4 1278 1/783 100.3
2560 23.1 9.0 1223 1/817 23.3 9.1 1238 1/807 100.9
2560 34.8 13.6 1849 1/541 30.5 11.9 1620 1/617 87.7
Concentrations of chloropicrin as high as 1 part in
800, or 9 milligrams per liter are decomposed when shaken
with 50 cubic centimeters of 1/8% sodium peroxide for 1/2
hour.
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TABLE 6.
1/4% Solution of Sodium Peroxide on Chloropicrin
Time of Shaking - 1/2 hour
Chloropicrin Taken Chloropicrin Found
Cap.
,
of
Bottle i
Mgm
.
Mgm.
per
liter
P. P.M.
by
vol •
Cone
.
;
Mgm • M gIR t
per
li ter
P. P.M.
vol
.
Cone. %
Decomp.
2540 91.8 36.15 4916 1 -203 74.8 29.4 3998 1 -250 81.48
2540 73.9 29.1 3958 1 -253 64.3 25.3 3441 1 -296 87.01
2540 68.5 29.6 3658 1 -273 61.0 24.0 3264 1 -306 89.05
2560 61.4 23.9 3250 1 -308 58.8 22.9 3114 1 -321 95.7
2560 nU . O OX Qco . o OX X 1 1 -310 Do . <6 on n6C . f OUo / 1 -324 95.7
60.9 24.0 3264 1 -306 60.1 23.6 3209 1 -311 98.7
2540 58.6 23.7 3223 1 -310 56.6 22.2 2019 1 -331 96.5
2560 56.2 22.0 2987 1 -334 54.9 21.4 2918 1 -343 97.6
2560 56.1 21.9 2978 1 -336 55.3 21.6 2938 1 -341 98.75
2540 53.4 21.0 2856 1 -350 53.1 20.9 2842 1 -352 99.44
2560 49.8 19.4 2638 1 -379 49.6 19.3 2625 1 -382 99.5
A concentration of chloropicrin of one part in 375
or 19.6 milligrams per liter is decomposed "by shaking 1/2 hour
with 1/4^ solution of sodium peroxide.
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TABLE 7.
1/4% Solution of Sodium Peroxide on Chloropicrin
Time of Shaking - 1 hour
Chloropicrin Taken Chloropicrin Found
Cap.
of
Bottle
! Mgm. Mgm.
per
liter
P. P.M.
vol
.
Cone
.
:
Mgm.. Mgm.
per
liter
P. P.M.
by
vol
.
Cone. %
Decomp.
2540 89.7 35.4 4858 1-206 74.9 29.4 3998 1-250 83.5
2540 75.3 29.7 4039 1-248 70.8 27.8 3781 1-264 94.0
2540 70.2 27.6 3753 1-266 67.7 26.6 3618 1-276 96.5
2540 67.1 26.4 3590 1-278 66.6 26.2 3563 1-280 99.25
Increasing the time of shaking from 1/2 hour to 1
hour increases the amount of chloropicrin decomposed. The
amount of chloropicrin decomposed is not proportional to the
increase in time, A concentration of 1 part in 280 or 26.2
milligrams per liter is completely decomposed by shaking
for 1 hour with 1/4$ solution of sodium peroxide.
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TABLE 8.
1/2^ Solution of Sodium Peroxide on Chloropicrin
Time of Shaking - 1/2 hour.
! Chloropicrin Taken : Chloropicrin Found
Cap.
of
Bo ttle
JUL £glI i • Mgm *
per
liter
PPMJL
.
Jr. JVi .
by
vol
.
wUIiU « « dm(3111 • m gin *
per
liter
P V tiS
by
vol
.
Decomp.
2540 158.0 63.3 8465 1-118 148.1 58.4 7942 1-126 93.7
2540 145.5 57.2 7779 1-128 139.0 54.7 7439 1-134 95.5
2540 137.5 54.1 7358 1-136 130.4 51.3 6968 1-143 95.0
2540 124.0 49.2 6691 1-150 121.7 48.0 6528 1-153 97.5
2540 124.2 48.9 6650 1-150 121.9 48.0 6528 1-153 98.0
2540 119.9 47.2 6419 1-156 118.2 46.5 6324 1-157 98.7
2540 118.7 46.6 6338 1-158 116.1 45.7 6215 1-161 98.0
A. concentration of chloropicrin of 1 part in 160
or 46 milligrams per liter is decomposed when shaken 1/2 hour
with 1/2$ solution of sodium peroxide.
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The vapor pressure of chloropicrin at 30° C. is
30.5 mm. The highest concentration in air that can be obtain-
ed at this temperature is approximately 1 part in 50. The
amount of sodium peroxide necessary to decompose this amount
of chloropicrin was then taken up. The bottles were shaken
for 1/2 hour and the analysis was completed at once. Decom-
position was only complete with a 10?' solution of sodium
peroxide
.
It will be noted on the table that a Tl^% solution
gave the same decomposition as a b% solution with this pro-
cedure. No odor of chloropicrin could be detected nor was
there any effect on the eye after shaking 1/2 hour, but on
acidifying the odor of chloropicrin was very marked. V/hen
the bottles were shaken for 1/2 hour and allowed to stand
over night, decomposition was complete with a b% solution of
sodium peroxide.
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TABLE 9.
DECOMPOSITION OF CHLOROPICRIN
iX PART IN 50 WITH SODIUM PEROXIDE.
50 c.c
.
Aqueous Sodium Peroxide, Time of Shaking - Varied.
: Chloropicrin Taken
•
: Chloropicrin Fourri
Capty. Time : i Mgm. P. P.M.
of Shak- :Na2 2 l Gm. per *y Cone
.
: Gm. Cone. : De-
Bottle ing • Liter Vol. comp.
7 nr • 1* 0.3628 145.1 19734 1-50.6 0.3497 1-52.5 y6 .
4
4 Na ii 0.3594 140.0 19040 1-52.5 0.3485 1-54.1 96 .
9
2566 A- "a N 0.3593 140.0 1 QA/A 1-52.5 0.3462 1-54.5 y& . oo
-i- » 1.6 0.3600 140.3 19080 1-52.4 0.3467 1-54.4 yo . 31
P566
a 2.0 0.3657 142.5 19380 1-51.6 0.3513 1-53.7 y o . u<
7 5.0 U . JDlO 1 A A f\ 1 Q659 1-50.9 0. 3491 1-52.
6
Q A Cyo . o
V" 0.75 A M A A £ i a e. o140 . c 17000 1-50.3 ft T P. O P.. 3525 1-52.1 OA Ayo • 4
2546 3 hrs.on 1.0 A *Z £ K. OO. uMo 1 A 1 C143 . O J. 3JO V 1-51.2 0.3541 1-52 .
8
96.8
wheel
2500 w 2.0 a i r r»0. ODD r i a a i140 .0 19897 1-50.3 ft t r ~\ <i0.3515 1-52.3 y D . 1
2566 it 5.0 0.3670 143.0 19448 1-51.4 0.3571 1-52.8 y f • o
2500 i hr. 10.0 0.3627 145.1 19734 1-50.7 0.3561 1-51.6 98.2
Jhr.
on wheel
2566 stood 10.0 0.3789 147.6 20074 1-49.8 0.3753 1-50.2 99.04
over-night
2500 N 5.0 0.3669 146.8 19965 1 -50.1 0.3619 1-50.8 Oft Of
2546 2.0 0.3637 142.8 19421 1-51.5 0.3490 1-53.6 yo • y;
2566 H 2.0 0.3629 141.4 19230 1-52 0.3503 1-53.8 57 o . o<
2546 H 3.0 0.3671 144.2 19611 1-51 0.3575 1-52.4
2500 n 4.0 0.3651 146.0 19856 1-50.3 0.3577 1-51.4 97.9
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The standard sodium peroxide method as outlined was
given to a number of observers previously unacquainted with
the method. The concentrations of peroxide used, as well as
the concentrations of chloropicrin were varied. The results
(Table 10) show that the method is relatively easy to manip-
I
ulate and very accurate. The chloropicrin was weighed out in
sealed glass bulbs and the Vacuum Bottle Method of decomposi-
tion was used.
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TABLE 10.
DETERMINATION OF CHLOROPICRIN BY STANDARD SODIUM PEROXIDE
METHOD BY DIFFERENT OBSERVERS.
50 c.c. of 13$ Sodium Peroxide Absorbing Solution .
Time of Shaking - 15 Minute
8
.
Ob- Chloropicrin
serv- Gm8. Gma
.
era Taken Found
Per- Mgm. P.P.M
cent per by
Decora- Liter vol.
posi-
tion
Vol. of air
cont. 1 vol.
of gas
Taken Found
Time of
stand*
ing.
EXCESSIVE
SHAKING
0.0533 0.0529 99.32 101.5 13808 72 71 15 min.
0.0451 0.0451 100.00 85.9 11683 85 85 30 "
0.0297 0.0298 100.40 56.5 7693 130 129 1 hour
0.0508 0.0507 99.89 96.7 13160 76 76 1 H
0.0291 0.0290 99.89 55.4 7537 132 132
0.0319 0.03189 99.98 60.7 8262 121 121 It'
6 0.0141 0.01413100.23 5.5 751 1329 1327 Overnight
6 0.0478 0.0477 99.91 18.7 2549 392 592 N
50 c.c. of 10% Sodium Peroxide absorbing solution
.
Time Shaken - 15 Minutes.
4 0.0388 0.0383 98,85
4 0.0164 0.0163 99.77
4 0.0529 0.0530 100.30
4 0.0640 0.0643 100.60
73.9 10050 99 100
31.2 4247 235 236
100.8 13710 72 72
121.9 16580 60 59
1 hour
1 "
1* M
50 c.c. of 7.2# Sodium Peroxide Absorbing Solution .
Time Shaken - 15 Minutes .
9 0.06585 0.06471 98.29 131.7 17910 55 56 1 hour
9 0.0623 0.0621 99.72 124.6 16940 59 59 1
9 0.03245 0.0323 99.63 64.8 8824 115 113 l£ H
J

32
TABLE 10 (continued)
50 c. 2. of 5. 62» Sodium Peroxide Absorbing Solution
Time Shaken - No. 3 - 30 Minutes.
NO. 1U- 15 Minutes.
Ob- Chloropicrin Per- Mgm. P. P.M. Vol. o f Air Time of
serv- Gms
.
Gms. cent per by cont
.
1 vol. stand-
era Taken Found Decom-• Li ter vol
.
of gas ing
posi-
tion Taken .Found
3
3 0.016 0.01606 100.43 %><> * u 4352 229 228 l£ hr.
3 0.038 0.03806 100.18 ly.u 2584 387 386 2 "
3 0.0343 0.0342 99.81 13 . Id. 1865 535 536 Overnight
3 0.0530 0.0529 99.92 2883 346 347 n
3 0.0451 0.0451 100.00 18.04 2453 407 407 m»•
3 0.0282 0.02839 100.68 11 . tiO 1534 651 647 H
3 0.0151 0.01507 99.82 30.2 4107 243 243 l£ hr.
3 0.0282 0.02808 99.60 56.4 7670 130 130 2
10 0.0660 0.0654 99.01 26.1 3560 281 278 2
10 0.0504 0.0500 99.25 20.0 2725 367 364 1 .a
10 0.0402 0.04085 101.7 16.3 2225 450 456 1 "
50 c.c . of 1,5^ Sodium Peroxide Absorbing Solution.
Time Shaken - 30 Minutes.
7 0.0230 0.02317 100.6 9.08 1235 809 804 Overnight
7 0.0071 0.00712 100.1 2.74 373 2681 2678 n
7 0.00968 0.00959 99.1 3.8 517 1934 1951 M
7 0.00554 0. 00550 99.3 2.3 313 3195 3218 If
7 0.00998 0. 00991 99.3 3.5 476 2101 2115 11
7 0. 0155 0.0155 100. 6.0 816 1225 1225 n
50 c.c . of X.bi Sodium Peroxide Absorbing Solution.
Time Shaken - 30 Minutes.
7 0.00939 0.00933 99.4 3.9 530 1887 1898 Overnight
7 0. 00875 0. 00869 99.3 3.4 462 2164 2179
7 0.00781 0.00776 99.4 3.3 449 2299 2313 N
50 c.c of Vfo Sodium Peroxide Absorbing Solution.
Time Shaken - 30 Minutes.
2 0.03163 0.0316 99.9 12.7 1727 578 5 79 12 hrs.
2 0.0761 0.0769 101.0 29.5 4012 249 246 it
ii
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TABLE 10 (Concluded)
50 c.c. of 1.55£ Sodium Peroxide Absorbing Solution.
Time Shaken - 30 Minutes.
Ob»
*
Chloropicrin Per- Mgm. P. P.M. Vol. of Air Ti m#» o f*X X XIlw V X
serv- Gms. Gms. cent per by cont. 1 vol. ^ t.an H —
ers Taken Found pecom- Liter vol. of gas ing.
posi-
tion Taken Found
11 0.0202 0.0201 99,2 7.91 1076 928 935 Overnight
11 0.0330 0.0329 99. S 12.82 1743 573 574 H
11 0.0219 0.0218 99.3 8.43 1146 872 878 II
11 0.0259 0.0257 99.1 10.00 1360 735 741 N
11 0.0197 0.0195 99.0 7.59 1032 968 977 II
50 c.c. of 0.5^ Sodium Peroxide Absorbing Solution.
Time Shaken - 30 Minutes.
5 0.0294 0.0292 99.09 11.60 1576 634 640
5 0.0421 0.0415 98.7 16.2 2211 452 457
50 c.c. of Z>,6% Sodium Peroxide Absorbing Solution
Time Shaken - 15 Minutes.
1 0.0979 0.0978 99.90 39.12 5337 187 188 Overni ght
X 0.1120 0.1118 99.60 44.72 6106 164 165 N
1 0.0585 0.0583 99.80 23.52 3199 312 315 H
1 6. 0753 0.0752 99.80 30.08 4105 244 244 n
1 0.0326 0.0328 100.5 13.12 1777 565 560 if
1 0.0316 0.0318 100.75 12.72 1722 582 578 •t
The standard sodium peroxide method was then given
to five observers who were acquainted with the method. They
were given unknown weights of chloropicrin in sealed glass
bulbs. They used the Vacuum Bottle method of decomposition.
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50 c.c. of l/2/£ sodium peroxide solution were used
in each case and the bottles were shaken for 1/2 hour, and
allowed to stand for two hours before proceeding with the
analysis, Blank determinations were made by each man. The
results were satisfactory and again showed that the method
was accurate. (Table 11).
TABLE 11.
DETERMINATION OF UNKNOWN CONCENTRATIONS OF CHLOROPICRIN WITH
SODIUM PEROXIDE BY DIFFERENT OBSERVERS.
50 c.c. of 0.5% Sodium Peroxide Absorbing Solution .
Time Shaken - 30 Minutes.
Ob- Chi o ropierin Per- Mgm. P. P.M. Vol. of Air Time of
serv- (5118. cent per by con t. 1 vol. stand-
ers Taken Found Decom- Li ter vol
.
of gas ing.
posi-
tion Taken Found
1 0.0061 0.0060 99.2 2.42 329 3014 3035 2 nr.
2 0.0148 0.0146 99.7 5.93 805 1250 1265 n
3 0.0132 0.0126 97.6 5.25 715 1420 1470 N
4 0.0300 0.0297 100.06 12.00 1632 620 620 II
5 0.0417 0.0405 98.04 16.67 2268 444 450 ft
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ACTION OP SODIUM SULPHITE
ON CHLOROPICRIN.
Chloropicrin is quantitatively decomposed when acted
upon by sodium sulphite. 1 Two chlorine atoms in the chloro-
picrin are replaced by aulphonic acid groups, and the third
chlorine is substituted by hydrogen by virtue of the reducing
action of the sulphurous acid. The reaction may be written
as follows:
C (No2 ) Cl3 +3 Na2So3+H2 =CH(No2 ) ( So3No.) 2 f 3NtlC1 -NtxHSo4
The maximum concentration of chloropicrin completely
decomposed by a Z>% sodium sulphite solution in 30% alcohol was
studied. The chloropicrin was weighed in sealed glass bulbs
and the Standard Sodium Sulphite method was used with the
Vacuum Bottle Method. The bottles were thoroughly shaken for
1/2 hour and the contents immediately transferred to an Erlen-
meyer flask and analysed. The decomposition of chloropicrin
would be higher for the larger amounts of chloropicrin given
in the table, if the absorbent had remained in contact with it
a longer time, for example, over night. A concentration of
147 milligrams per liter of chloropicrin is completely decom-
posed by the alcoholic sodium sulphite solution when shaken
for 1/2 hour.
1. J. Chem. Soc. 25, 389.
Jahr. der Ohem. (1872) 578.
Chem. Centr. (1870), 770.
Chem. Centr. (1872), 638.
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TABLE 12.
Action of Alcoholic Sodium Sulphite on Chloropicrin .
TAKEN
;
FOUND
Gms.
Chloro-
picrin
Mgm. P
per
Liter
.P.M. !
v&. Cone. :
Gms. Mgm.
Chloro- per
:
picrin Liter
P. P. 1ft. %
by Gone. De-
vol. comp
0.3637 142.8 19,420 1-51.5 0.3575 140.4 18,994 1-52.6 98.31
0.3781 151.2 20.568 1-48.6 0.3699 146.8 19,959 1-50.1 97.83
0.3835 150.6 20,481 1-48.8 0.3770 148.1 20,141 1-49.6 98.31
0.3869 151.9 20,658 1-48.4 0.3814 149.8 20,372 1-49.1 98.58
0.4393 172.5 23,460 1-42.6 0.4147 162.9 22,154 1-45.1 94.41
0.4412^ 173.3 2a, 568 1-42.
g
0.3550 139.4 18,958 1-52.8 80.47
0.4446 174.6 23,745 1-42.5 0.3522 138.3 18,808 1-53.2 79.23
0.5196 204.1 27, 754 1-36.0 0.369^ 144.9 19, 706 1-50.7 71.64
0.5233^ 209.3 28,467 1-35.1 0.4042 161.7 31,988
31,622
1-45.5 77.24
0.8073 322.9 43,914 1-22.8 0.3982 159.3 1-46.2 49.33
#Gas remained in contact with the absorbing solution
from 2-3 hours before shaking. It was then shaken % hour.
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Comparison of Sodium Peroxide and Sodium Sulphite Methods.
A comparison study of the aqueous sodium peroxide and
alcoholic sodium sulphite methods for the analysis of chloro-
picrin was carried out to determine how the two methods com-
pare when one is used as a check upon the other. The use of
the alcoholic sodium sulphite solution makes it necessary to
"boil off the alcohol and sulphur dioxide. This part of the
procedure consumes considerable time. In using the sodium
peroxide method one may proceed at once with the analysis.
The methods were compared by collecting duplicate samples in
a gas chamber. (See Photograph No. 6). The two open ends
of a glass T (sealed at one end) were inserted into the
rubber tubing of two evacuated bottles. The screw clamp on
the rubber tubing was released, and by breaking the sealed
glass tip a duplicate sample was taken through a common orifice.
After taking the sample the clamp on the rubber tubing was
immediately tightened. In this manner each pair of bottles
contained the same sample of gas.
A high concentration of chloropicrin was produced
by atomizing liquid chloropicrin in an air tight chamber
16' x 16' x 12'. After the liquid was atomized, fifteen
minutes were allowed for the gas to become diffused in the
chamber. Eight duplicate samples of gas were collected from
different parts of the chamber. Samples No. 1 and 11 were
taken on a shelf four feet from the floor, while the remain-
ing samples were taken near the floor.
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50 cubic centimeters of a \% aqueous solution of
sodium peroxide were introduced into one bottle of each pair
by means of the "L.P.G." Filler. (See Photograph No. 7 and
No. 9.) Into the other bottle of each pair 50 c.c. of Z>%
sodium sulphite solution in 30$ alcohol was introduced. The
tubing clamps were again tightened and the bottles were
shaken for 1/2 hour and allowed to stand over night before
proceeding with the analysis.
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TABLE 13.
COMPARISON 0? AQUEOUS SODIUM PEROXIDE
ALCOHOLIC SODIUM SULPHITE
ON CHLOROPICRIN.
AND
Ab s orb-
Pair ing
No . Sol
.
Wt.
Cliloro —
picrin
Pres-
sure
KM.
Cap.
of
Bottle
wOlX
Mgm.
TIP Y*
Jt
Li ter
P.P.M
bv
vol
.
, Cone. Mgm.
per L.
wi th
Nago2
Na2S03
I Na2 2 7.14 18 2524 2.82 383 y© . 0/0
Nap SO? 7.25 15 2534 2.86 389 1-2565 n
II Na2 2 8.60 18 2487 3.46 470 1-2125 98.6$
NagS03 8.77 16 2598 3.51 477 1-2095 n
III NaoOo 22.30 18 2476 9.00 1224 1-816 1 04 . 8$
Na2S03 20.93 22 2440 8.58 1166 1-857
»
i
IV Nao02 23.56 18 2563 9.19 1249
T o aA Q Q Ac/
Na2S03 23.78 19 2535 9.38 1275 1-784
II
v Na2°2 24.71 21 2528 9. 77 1328 1-753 100.5$
Na2S03 24.41 16 2511 9.72 1321 1-756
1
VI Na2 2 24.33 17 2511 9.69 1317
1 AO Hiff
Na2S03 24.00 18 2534 9.47 1288 1-776 N
VII
1 -
Na2 2 23.51 17 2454 9.58 1302 1-767 yo . v/o
—
Na2S03 24.70 18 2452 10.07 1369 1-730 »
VIII
\
Na2 2 26.41 19 2514 10.51 1429 1-699 103.1$
Na2S03 25.64 17 2515 10.19 1385 1-728
N
100.1$
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From the results obtained in the above table, it was
deemed advisable to use the sodium peroxide method for the
determination of all field concentrations. The alcoholic
sodium sulphite method is too slow and requires care in boil-
ing. In the sodium peroxide method no heat is necessary ex-
cept to coagulate the precipitate of silver chloride.
Comparison of the Volhard and Mohr Methods
of Titration in Sodium Peroxide Method.
The substitution of the Mohr titration method for
chlorides instead of the Volhard method would shorten the
procedure still more in the aqueous 3odium peroxide method.
The low concentration of sodium peroxide used made it desir-
able to compare the two methods.
The Vacuum Bottle method was used and 50 cubic cen-
timeters of r£f£ aqueous sodium peroxide were introduced as the
absorbent. The bottles were shaken on the shaking wheel for
•£• hour. The contents of the bottles were then made up to a
definite volume with water in a volumetric flask, and aliquot
portions were taken for analysis by the two methods. Both
titrations were made in Erlenmeyer flasks against a white
background, when the chloride content was high enough so that
N/10 silver nitrate could be used. When N/100 silver nitrate
was used, the titrations were made in a casserole.
The Volhard method used in this comparison was the
same as described in the Standard Sodium Peroxide Method.
The Mohr method was used as follows: The aliquot
sample was transferred either to an Erlenmeyer ?lask or a
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porcelain casserole, and diluted to 50 - 75 cubic centimeters.
A few drops of phenolphthole in solution were added, and the
alkalinity carefully neutralized with N/1 nitric acid. 1 c.c.
of potassium chromate indicator was added, and standard
silver nitrate carefully run in from a burette until the first
faint red color of silver chromate appeared. A blank reading
obtained by titrating distilled water containing the same
amount of indicator was subtracted from the reading obtained
above.
The weights of "Chloropicrin taken" are the amount
of chloropicrin in the aliquot sample taken and the concen-
trations are calculated on the basis of the 2-^-liter bottles
used. A new sample of chloropicrin was taken in each deter-
mination, except in No. 6 and No. 7. In these two determin-
ations, a larger aliquot was taken in Determination No. 6.
When the concentration of chloropicrin is high e-
nough bo that N/10 solutions of silver nitrate may be used
(i.e., concentrations of 1 port in 1100 or higher) the Mohr
method may be substituted for the Volhard method without loss
in accuracy, but with a gain in speed. When N/100 silver
nitrate solutions are used, the end point in both methods
becomes less sharp, usually resulting in a slight over-
titration. This produces somewhat higher results with the
Mohr method and lower results in the Volhard method. Under
ordinary lighting conditions the Volhard endpoint is consid-
erably more delicate. For low concentration work the Volhard
method is the more accurate and better method to use.

42
1
•
t CO c- LO CD rH LO
1
]
g
o t- r- 00 00 to CO to 03 CO o 00 00 ?>- CD
ft. O 00 G) CD CO o 0) o 00 00 o oo 00 o 00
rH rH rH rH
I CO
1
O
1
1 <H » o
• P! DO rH
o O 3 • c 0> o CQ CO CD LO r- ir—i rH t>- LO CQ
Oi O -h H ID O O rH CD CO 0) CD 00 o LO rH
-*"*
1 c o LO lO rH rH rH CQ to LO to rH to to o 03 1
E-Hj rH CO rH rH CQ CQ lO LO to to *\
w o sd oo CQ 1 u
SI '.Tj 4= rH 4 rH 03
' ^
w
Cj
P! r-H
rH to rH O CQ o 00 CO CQ LO
(—1 o «n S CQ CXI o O CD CQ rH 00 CO oo LO 1 ^
XI ct; * >>rH J> 0) CO 02 CQ rH rH CQ 03 CD
Oi Eh Pn ^> o ,H rH Xi
C K >
w •Hi CxJ o
fH O oo O
h 00 LO rH rH
SI •H O CD to CQ O 00 O to CD CD 00 to rH
PI CD CD CD CD CQ CD CD to rH rH to to cd
t—II o • CDQ M CM CQ CD CO to to rH rH rH rH CQ 03 O o
o o | rH rH o
CO H S rH rH
si LO £5
•
—
1
1
lO r> LO rH O rH rH to CO OI rH CO CQ <D
53 CD CD m LO lO rH CQ o lO 00 00 U
OI CO
rH rH CD CD CO 00 to to LO LO o o ^H to to rH rH
OB
rH
E-<i i a
i—
ij C <H •H
E-*I O o ^ rH rH to to LO LO CQ LO M
1 o s3 • CD CD rH rH ^« 03 CQ CO CD rH
K\
W
o •H rH in If) rH rH CQ CQ lO to rH rH CO CO
H C O rH rH CQ CQ LO LO to to > u
OI rH •H «H > o rH ?
Si o Bj CQ 03 o
+> rH h£
0>
?! s CQ CQ {> |s CD CO o O to to 00 00 00 CD CO
• ~**> rH CD CD 0) 01 CQ CQ 00 co o o <D
p., JO o IN CD CO CQ CQ rH rH 03 CQ d
. > rH rH
< Q.
CQ oo H
w M 00 00 o CQ
G 5 0) CD CD O o co co CQ CQ oi oo CO CO Tjg CD O P, In CT> 00 CD CD CQ CQ CO CO rH rH to to CD
hi
A* n • V to
«$ 1- 6 +° CQ 03 CD CD to to rH rH rH rH CQ CQ o O
o E- <C tDtH H rH
Hi CO
C E->
o •H SS o
CO M ^ CO CO o o- -i-tO O • rH rH O o CO CO CD CD oo CO o LO +>
s •H vi1 lO to 03 CQ o o LO LO 00 %
ftO O rH
1 o o CQ CD rD CO CO ^ to to LO LO o o oto to rH rH CD
o o
o rH
.CiO
rt TJ *d Tj
•d u H u M u u u
o H cd .-o a3 a o3 cri ui
H -< M rCl U J=i u u XS u XS u xiP H Xi rH rH Xi rH xi rH Xi rH Xi rH 00
CO o O o O o O o O o O o o o OS S > S > s s > s > s > s >

43
Sodium Amalgam Method for Determining Chlor opicrin.
Sodium amalgam is a very convenient reducing agent
to use due to the ease with which the reaction may be con-
trolled. One of the most accurate methods worked out for de-
termining the chlorine of chloropicrin is the reduction of
chloropicrin with sodium amalgam in alcohol. The method has
been applied as a Direct method, and on gas concentrations of
chloropicrin in the Vacuum Bottle method.
The amalgam is prepared according to methods outlined
l pby Gatterman and Thorpe.
Direct Method.
Samples from 0.050 to 0.200 grams of chloropicrin
were weighed in a sealed glass bulb. 35 grams of finely ground
sodium amalgam were placed in a 300 c.c. Erlenmeyer flask and
50 c.c. of 75# alcohol were added. After the first reaction
was over, the bulb containing the chloropicrin was placed in
the flask, and the bulb broken by striking it with a glass rod.
Then the flask was tightly stoppered and allowed to stand
overnight.
'The mercury was filtered off and washed. The fil-
trate was boiled to remove the alcohol, cooled, and acidified
with concentrated nitric acid using 2 c.c. in excess. An ex-
cess of N/10 silver nitrate was added and the solution was
heated to coagulate the silver chloride. The precipitate was
1. Methods of Organic Chemistry. Gatterman, p. 352.
2. Dictionary of Applied Chemistry. Thorpe. 5, 5.

filtered off, washed and the filtrate was titrated with N/10
Bodium thiocyanate usin
;
? 5 cubic centimeters of ferric alum
as the indicator.
A "blank determination was made under the same
conditions as the procedure.
TABLE 15.
ACTION OF SODIUM AMALGAM ON CHLOROPICRIN
.
Purity of Sample - 98.36$
35 grams of Sodium Amalgam in 50 c.c. of 75$ Alcohol.
No. Cm. Gm. Percent
Chloropicrin Chloropicrin Decomposi-
Taken Found tion .
2 0.1418 0.1405 99.1
3 0.1465 0.1452 99.1
4 0.1456 0.1457 100.01
5 0.0717 0.0713 99.5
6 0.0740 0.0739 99.9
7 0.0554 0.0549 99.05
9 0.0879 0.0875 99.57
10 0.0629 0.0627 99.64
11 0.01301 0.1293 99.42
12 0.01005 0.0999 99.42
13 0.0994 0.0988 99.37
Vacuum Bottle Method.
The Vacuum Bottle Method was carried out as usual,
except that the scdium amalgam was put into the bottle with
the bulb of chloropicrin before evacuation. The quantitative
results obtained were very satisfactory.
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TABLE 16.
ANALYSIS OF CHLOROPICRIN WITH SODIUM AMALGAM.
Purity of Sample - 98.36$
35 grains of Sodium Amalgam in 50 c.c. of 75$ Alcohol.
Ome
.
Gms. Chloro- Parts Concen- Concen- Percent Capa-
chloro- chloro- picrin per tration tration Decom- city of
picrin picrin per Million Taken Found posi- bottle in
Taken Found liter tion Li ters
vol
.
0.1391 0.1389 0.0623 8,489 1/117.8 1/118 99.88 2.232
0.0936 0.0929 0.0373 5,082 1/196.8 1/198.2 99.22 2.505
0.0623 0.0621 0.0280 3,815 1/314 1/315.5 99.62 2.225
0.0708 0.0704 0.0326 4,442 1/225 1/227 99.38 2.175
The sodium amalgam method involved an extra fil-
tration for removing the mercury. The results however, were so
satisfactory that it should be used where accuracy and not speed
are required. Blank determinations were made with each exper-
iment but in every case there was no value obtained for the
blank.
Action of Alcoholic and Aqueous Sodium Hydroxide on
Chloropicrin
.
Bassett1 says that chloropicrin is not affected by
dilute sodium hydroxide in water, but slowly in alcohol. 3ten-
house, however, found that aqueous solutions of caustic alkalies
affect chloropicrin gradually and that potassium chloride and
potassium nitrate crystals separate. It is difficult to explain
1. Bassett, J. Chem. Soc. 1J7. 198, (1864)
J. Chem. 1847, 539.
2. Stenhouse, Chem. Centr. (1848) 586.
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why a neutral salt like sodium sulphite completely decomposes
chloropicrin while solutions of caustic alkalies have but
little effect.
Due to the lack of definite data on this matter,
the action of aqueous and alcoholic solutions of sodium hy-
droxide on chloropicrin was studied. In studying methods for
the analysis of mixtures, it was necessary to know what ef-
fect any substance present would have. A 10% alcoholic so-
dium hydroxide solution gave a decomposition of about 67%,
which is equivalent to two atoms of chlorine.
Aqueous solutions of sodium hydroxide under similar
conditions gave a decomposition of 33$ for b% to 10% solu-
tions of sodium hydroxide equivalent to about one atom of
chlorine.
Alcoholic Sodium Hydroxide on Chloropicrin.
The Vacuum Bottle and Standard Sodium Hydroxide
methods of analysis were used in this study. Sodium hydrox-
ide solutions from to 10% in 20% alcohol were used. The
per cent decomposition increases,
(1) With the time of shaking,
(2) With the strength of solution used, and
(3) The decrease in the size of sample used.
Each bottle was shaken the indicated length of time on the
shaking wheel and allowed to stand over night (16 hours).
Blank determinations were made with each series of runs.
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TABLE 17.
ACTION OF ALCOHOLIC SODIUM HYDROXIDE ON CKLOROPICRIN
.
10$ NaOH in 20$ Ethyl Alcohol Solution - 50 c.c. Used.
Time Standing - Over Night.
Time of Capa-
Gram % Mgm. Shak- city
Chloropicrin De- per Cone, Cone. P.P.M
.
ing of
Taken Pound Comp. Li ter Taken Found Taken Min. Bottle
0.0298 0.0200 67.26 11.6 1/633 1/942 1577 e& 2565
0.0166 0.0117 70.57 6.4 1/1148 1/1627 870 5 2568
0.0609 0.0456 75.02 23.7 1/310 1/412 3223 10 2563
0.0314 0.0213 67.83 12.2 1/602 1/888 1659 30 2563
0.0249 0.0171 68.69 9.7 1/819 1/1192 1220 30 2563
0.0287 0.0198 69.20 11.3 1/650 1/940 1536 30 2539
0.0214 0.0148 70.50 8.4 1/873 1/1238 1145 30 2539
0.0336 0.0253 76.61 13.1 1/561 1/733 1780 30 2565
5$ NaOH in 20$ Ethyl Alcohol Solution - 50 c.c. Used.
Time Standing - Over Eight.
0.0117 0.0061 52.12 4.6 1/1059
1/827
1/2033 626 10 2539
0.0219 0.0118 53.77 8.9 1/1538 1209 10 2563
0.0332 0.0165 49.70 12.9 1/566 1/1140 1764 15 2568
0.0204 0.0112 54.91 8.0 1/919 1/1673 1088 15 2535
0.0195 0.0112 51.50 7.7 1/956 1/1662 1045 30 2539
0.0144 d. 00868 60.34 5.6 1/1310 1/2172 762 30 2563
0.0135 0.00815 60.42 5.3 1/1382 1/2287 723 30 2535
0.0153 0.00935 61.13 i,6.95 1/1233 1/2018 810 30 2565
0.0174 0.0107 61.39 6.8 1/1086 1/1769 920 30 2568
0.0228 0.0149 65.53 8.9 1/828 1/1263 1207 30 2565
0.0238 0.0165 69.08 9.4 1/784 1/1135 1274 30 2539
0.0200 0.0131 65.76 7.8 1/943 1/1435 1059 45 2563
0.0131 0.0087 66.63 5.1 1/1441 1/2163 693 60 2568
0.0245 0.0177 72.32 5.55 1/769 1/1064 1298 90 2565
2$ NaOH in 20$ Ethyl Alcohol Solution - 50 c.c. used.
Time Standing - Over Night •
0.0213 0.0103 48.45 8.3 1/892 1/1800 1120 10 2563
0.0220 0.0107 48.76 8.7 1/848 1/1739 1179 15 2565
0.0160 0.00787 49.19 6.2 1/1178 1/2395 848 15 2565
0.0203 0.0104 51.40 7.9 1/930 1/1810 1074 30 2568
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TABLE 17 (Concluded)
1% NaOH in 20% Ethyl Alcohol Solution - 50 c.c. Used.
J. X IUC- • V> V c X T j i frh t
x xi.itr u x O oLpd *»
Gram. It gal . vX i>y
Chloropicrin De- Cone
.
Cone
.
P. P.M. of
Taken Found Comp. Liter Taken Found Taken Min. Bottle
0.0157 0.00447 28.47 6.1 1/1201 1/4220 832 15 2563
0.0167 0.00513 30.71 6.51 1/1129 1/3677 885 15 2565
0.0166 0.00731 44.04 6.57 1/1119 1/2541 893 30 2477
0.0136 0.00607 44.62 5.3 1/1387 1/6108 720 30 2563
0.0215 0.00968 45.04 8.4 1/877 1/1948 1139 30 2563
0.0180 0.00961 53.40 7.02 1/1048 1/1964 953 30 2565
0.0116 0.00658 56.77 4.5 1/1630 1/2871 613 30 2571
\% NaOH in 20^ Ethyl Alcohol Solution - 50 c.c. Used
Time Standing - Over Wight
0.0269 0.00886 32.96
0.0360 0.0120 33.40
0.0252 0.00864 34.28
0.0332 0.01164 35.07
0.0184 0.00667 36.27
0.0218 0.00806 36.98
0.0171 0.00699 40.88
0.0230 0.00969 42.13
0.0242 0.01142 47.18
10.6 1/693 1/2104
14.2 1/512 1/1534
10.0 1/735 1/2144
13.4 1/548 1/1564
7.2 1/1020 1/2812
8.6 1/854 1/2311
6.7 1/1097 1/2684
8.95 1/821 1/1949
9.5 1/773 1/1642
1441 30 2539
1931 30 2542
1360 30 2508
1822 30 2477
979 30 2563
1169 30 2550
911 30 2563
1217 30 2571
1292 30 2535
B. Aqueous Sodium Hydroxide on Chloropicrin.
The Vacuum Bottle and Standard Sodium Hydroxide
method were used with aqueous solutions of %fo to \0% sodium
hydroxide. The shaking was done on the shaking wheel and
every sample was shaker, the same length of time. The decom-
position increases with the strength of the sodium hydroxide
solution used. The amount of decomposition increases as the
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size of the sample taken decreases. This is affected by-
boiling, time of standing, slight solubility of chloropicrin
in water, etc. Blank determinations were made simultaneously
with the analysis.
TABLE 18.
ACTION OF AQUEOUS SODIUM HYDROXIDE ON CHLOROPICRIN
.
Grair i Per Mgm.
No. Chloropicrin cent chloro- Concen- Concen-
Taken Found Decomp- picrin P. P.M. trati on tration
osition per liter Taken Taken Found
10$ NaOH Solution Used - Time of Shaking 30 Minutes
Time of Standing 16 - 18 hours
.
1 0.0871 0.0203 23.55 34.84 4738 1/211 1/896
2 0.0443 0.0105 24.00 17.3 2352 1/425 1/177
3 0.0731 0.0182 25.19 28.4 3862 1/258 1/1027
4 0.0368 0.00926 25.59 14.37 1954 1/511 1/1996
5 0.0267 0.00845 28.18 10.3 1400 1/713 1/2834
6 0.0245 0.0069 28.41 9.61 1306 1/756 1/2693
7 0.0205 0.00641 31.76 8.2 1115 1/896 1/2823
b% NaOH Solution UBed - Time of Shaking 30 Minutes
Tims of Standing 16 - 18 Hours.
1 0.0446 0.01085 24.58 17.84 2426 1/412 1/1676
2 0.0252 0.00789 31.57 9.84 1338 1/747 1/2366
3 0.0237 0.00743 31.73 9.48 1289 1/775 1/2444
4 0.0240 0.00756 31.80 9.37 1274 1/784 1/2467
5 0.0196 0.0069 35.51 7.69 1045 1/956 1/2692
2% NaOH Solution Used - Time of Shaking 30 Minutes
Time of Standing 16 - 18 Hours
.
1 0.0370 0.00603 16.49 14.3 1944 1/514 1/3118
2 0.0170 0.00296 17.63 6.65 904 1/1105 1/6271
3 0.0177 0.00318 18.20 6.87 934 1/1089 1/5987
4 0.0364 0.00663 18.45 14.16 1825 1/547 1/2968
5 0.0273 0.00543 20.06 10.9 1482 1/674 1/3362
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TABLE 18 (concluded)
Gram Per Mgm. Concen- Concen-
No. Chloropicrin cent chloro- P. P.M. tration tration
Taken Found Decomp- picrin Taken Taken Pound
osition per liter
1% NaOH Solution Used - Time of Shaking 30 Minutes
Time of Standing 16 - • 18 Hours.
1 0.0424 0.00304 7.17 16.96 2306 1/433 1/6046
2 0.0192 0.00154 8.02 7.68 1044 1.957 1/10690
3 0.0215 0.00186 8.65 8.4 1142 1/875 1/10120
4 0.0281 0.00271 9.64 10.9 1482 1/674 1/7000
5 0.0144 0.00198 13.75 5.65 768 1/1301 1/9464
Jt% NaOH Solution Used - Time of Shaking 30 Minutes
Time of Standing 16 •• 18 Hours.
1 0.0615 0.00228 3.72 23.9 3250 1/307 1/8268
2 0.0187 0.00105 5.64 7.2 979 1/1021 1/18106
0.0245 0.00143 5.86 9.6 1305 1/765 1/13071
4 0.0134 0.000886 6.61 5.3 720 1/1387 1/20987
0.0105 0.000774 7.37 4.1 557 1/1793 1/24333
1/2% NaOH Solution Used - Time of Shaking 30 Minutes
Time of Standing 140 Hours
1 0.0595 0.0052 8.74 23.3 3168 1/315 1/3610
2 0.0212 0.00201 9.48 8.48 1153 1/867 1/9145
3 0.0222 0.00247 11.12 8.6 1169 1/855 1/7688
4 0.0140 0.00367 26.21 5.4 734 1/1362 1/5196
Action of Aqueous and Alcoholic
Solutions of Sodium Carbonate on Chloropicrin.
It was important to know whether a solution of
sodium carbonate, aqueous or alcoholic, had any effect on
chloropicrin. If there were no action, a mixture of two gases,
one of which is decomposed by sodium carbonate, could be
analyzed by sodium carbonate. The fact that caustic alkalies
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attack chloropicrin much more than the literature indicated
made it desiraole to have quantitative data on the action of
sodium carbonate. The strength of the aqueous sodium carbonate
solutions used varied from 0.5% to 15%, while the strength of
the alcoholic sodium carbonate solutions used varied from
0.5% to 10%. The alcoholic sodium carbonate solutions con-
tained 20% alcohol, and a lb% solution of sodium carbonate in
20% alcohol cannot be prepared. The 10% sodium carbonate so-
lution in alcohol crystallized outsomewhat, and, after stand-
ing over night, a small amount of sodium carbonate also crys-
tallized out of the 5% solution.
In the 0.5$ to 5% aqueous solutions, the percentage
decomposition is relatively small, but still sufficient to
affect the results in the analysis of a mixture. The error in
using a 0.5$ and 1% aqueous carbonate solution would be less
than 1$. For 2%, to 5% solutions, the error would be over 2%.
In the alcoholic solutions the percent decomposi-
tion varies from 0.40?' for 23 ragm. per liter in a 0.5% alco-
holic solution to 2.75$ for 5.6 mgm. per liter in a "2% alco-
holic sodium carbonate solution. For 3.3 mgm. per liter of
chloropicrin, the per cent decomposition is 5.5$ with a 10%,
aqueous solution, while for 3.7 mgm. per liter of chloropicrin
with a 10% alcoholic solution, the percent decomposition is
32.4$.
The 5$ to 10% alcoholic solutions of sodium carbon-
ate decompose about 25% of the chloropicrin and is equivalent
to one atom of chlorine. The action of these solutions is the
same as the aqueous sodium hydroxide on chloropicrin.

0,b% aqueous solution of sodium carbonate gives
results within 1% when used to decompose another compound in
the presence of chloropicrin. A 1% aqueous solution of sodium
carbonate will give an error of 2%, Stronger solutions
should not be used, and alcoholic solutions of sodium carbon-
ate cannot be used for the determination of any substance in
the presence of chloropicrin.
The standard sodium carbonate method was used in
the 2-^-liter Vacuum Bottle. Each bottle was shaken on the
shaking wheel for 30 minutes and allowed to stand over night
(16 hours) before proceeding with the analysis. A blank de-
termination was made with each run. 12 bottles were shaken
on the wheel at one time, thus giving comparable results with
varying concentrations of chloropicrin as well as varying
strengths of sodium carbonate solution used.
TABLE 19.
ACTION OF 10% ALCOHOLIC SOLUTION OF SODIUM CARBONATE
ON CHLOROPICRIN •
Gm. Gm.
Chloro- Chloro- Percent Mgm
.
P.P.M. Cone. Cone
picrin picrin uecomp. per Taken Found
Taken Found Liter
0.07186 0.00973 13.50 27.8 3781 1/264 1/1956
0.0435 0.00938 21.6 16.8 2282 1/438 1/2028
0.0406 0.00911 22.4 16.6 2252 1/444 1/1982
0.0196 0.00648 32.6 7.7 1043 1/959 1/2914
0.0125 0.00512 41.9 4.9 681 1/1468 1/3503
0.0295 0.00603 20.44 11.2 1523 1/656 1/3211
0.0452 0.01031 22.85 17.7 2407 1/415 1/1817
0.0150 0.004306 28.71 6.0 816 1/1225 1/4268
0.0224 0.00697 31.11 8.7 1138 1/845 1/2716
0.0093 0.003017 32.44 3.7 503 1/1987 1/6125
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TABLE 19 (concluded)
ACTION OF 5% ALCOHOLIC SOLUTION OF SODIUM CARBONATE ON
CHLOROPICRIN
.
Gra. Gm.
Chloro- Chloro- Percent
picrin picrin Decomp.
Taken Found
Mgm. P. P.M. Cone. Cone,
per Taken Found
Liter
0.0397 0.0131 32.8 15.4 2094 1/479 1/1460
0.0408 0.0135 32.9 16.4 2229 1/493 1/1498
0.0486 0.0158 34.5 19.1 2593 1/385 1/1116
0.0263 0.0121 45.9 10.2 1383 1/723 1/1575
0.0154 0.00925 59.9 5.97 820 1/1219 1/2035
ACTION OF 2% ALCOHOLIC SOLUTION OF SODIUM CARBONATE
ON CHLOROPICRIN
0.0676 0.00430 6.36 26,20 3563 1/281 1/4418
0.0226 0.00317 11.09 9.23 1255 1/797 1/7187
0.0278 0.00251 11.41 10.81 1470 1/680 1/5960
0.0077 0.00131 17.99 3.04 413 1/2421 1/13452
ACTION OF 1% ALCOHOLIC SOLUTION OF SODIUM CARBONATE ON
CHLOROPICRIN
0.0576
0.0366
0.0270
0.0227
0.0101
0.00305
0.00257
0.00215
0.00210
0.00182
5.28
7.03
7.97
9.22
18.05
22.34
14.68
10.46
9.25
3.90
3038
1996
1674
1258
530
1/329
1/501
1/597
1/795
1/1887
1/6231
1/7126
1/7478
1/8622
1/10454
ACTION OF 1/2% ALCOHOLIC SOLUTION OF SODIUM CARBONATE
ON CHLOROPICRIN
0.0666 0.00451 6.77 26.0 3536 1/282 1/4177
0.0296 0.00348 11.75 11.4 1550 1/645 1/5489
0.0228 0.00308 13.51 8.9 1210 1/826 1/6115
0.0452 0.00654 14.47 18.1 2461 1/406 1/2890
0.0066 0.00125 18.94 2.6 353 1/2828 1/24931
1
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TABLE 20.
ACTION OF 15# AQUEOUS SOLUTION OF SODIUM CARBONATE
ON CHLOROPICRIN.
No.
Gram Gram Per-
Chloro- Chloro- cent Mgm.
picrin picrin Decomp. per
Taken Found Liter
P. P.M.
Cone
.
Taken
Cone
.
Found
1
2
0.0798 0.001162 1.45 31.5
0.0458 0.0007732 1.69 17.8
0.0131 0.0005581 4.26 5.1
4284
2420
693
1/233
1/413
1/1442
1/16096
1/24443
1/33850
ACTION OF 10% AQUEOUS SOLUTION OF SODIUM CARBONATE
ON CHLOROPICRIN.
4
5
6
7
0.0468 0.000644 1.37 18.3
0.0167 0.0005754 3.44 6.5
0.0128 0.0005153 4.02 5.1
0.0084 0.0004594 5.47 3.3
2488
884
693
448
1/401
1/1131
1/1442
1/2228
1/29328
1/32883
1/24875
1/40733
ACTION OF b% AQUEOUS SOLUTION
CHLOROPICRIN.
F SODIUM CARBONATE ON
8
9
10
11
0.0318 0.0005238 1.65 12.7
0.0117 0.0002661 2.28 4.5
0.0177 0.0004413 2.49 6.9
0.0052 0.0001802 3.47 2.0
1727
612
938
272
1/578
1/1634
1/1065
1/3676
1/35085
1/71666
1/42795
1/105951
ACTION OF 2% AQUEOUS SOLUTION OF SODIUM
ON CHLOROPICRIN.
CARBONATE
26.
27.
28.
29.
0.0524 0.0005606 1.07 20.96
0.0209 0.0003887 1.86 8.16
0.0171 0.0004745 2.77 6.6
0.0141 0.0004887 2.75 5.6
2850
1109
897
761
1/387
1/901
1/1114
1/1313
1/36215
1/48440
1/40220
1/47745
ACTION OF 1% AQUEOUS SOLUTION OF SODIUM
ON CHLOROPICRIN
.
CARBONATE
30.
31.
32.
33.
0.0612 0.0005007 1.82 23.9
0.0243 0.0003005 1.23 9.7
0.0187 0.0002143 1.14 7.5
0.0057 0.0001282 2.25 2.2
3250
1319
1020
299
1/307
1/761
1/980
1/3342
1/3752
1/61910
1/86000
1/148530
ACTION OF ±% AQUEOUS SOLUTION OF SODIUM
ON CHLOROPICRIN.
CARBONATE
34.
35.
36.
0.0713 0.003003 .42 23.3
0.0448 0.0002148 .48 17.5
0.0237 0.00.01719 .72 9.6
3168
2380
1305
1/315
1/420
1/765
1/75143
1/87540
1/106370
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BROMBENZYL CYANIDE.
Pure Brombenzyl Cyanide is a white solid which melts
o o
at 25 -27 C. On account of the difficulty in obtaining and
preparing the crystals, brombenzyl cyanide is usually used in
the solution of its mother liquor, and often contains some
dibromide as impurity.
When brombenzyl cyanide is treated with an alcoholic
solution of sodium hydroxide, dicyanstilbene is first formed
as an intermediate product."*"
2C6 H5 - CHBr - CN - CgHg - = £ - + 2NaBr
When samples of brombenzyl cyanide were shaken with
a b0% alcoholic solution of sodium hydroxide, the solution
was colored a deep greenish yellow, while a 10% alcoholic
solution contained a precipitate. This compound was separat-
ed and crystallized from ether. The crystals were green and
very soluble in ether and alcohol, and insoluble in water.
CN CK
65 65 600H &OOH * 5 3
When the alcohol was evaporated off and the solu-
tion was acidified with concentrated nitric acid, a heavy
flocculent yellow precipitate was formed, melting point 150° C.
°6H5 * #SC " C 6H5 * HM0 3C 6H5" ?
=
5 " C 6H5+ H2°DC00H COOH b * & 8 =C C=*0 55 d
IS
The formation of diphenyl maleic anhydride was 1
avoided by adding a little sodium peroxide to the solution
either at the beginning of the analysis or after the solutions
1. C. S. Reimer (Ber. 1797, (1881)
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were transferred to the Erlenmeyer flasks.
The pure as well as the uncrystallized brombenzyl
cyanide mother liquor was used in these experiments. When
the solid was used, it was dissolved in alcohol and aliquots
were used for analysis. Samples of the liquid were weighed
out in sealed glass bulbs.
ANALYSIS WITH SODIUM HYDROXIDE SOLUTIONS.
10$ sodium hydroxide in 10$ alcohol
Halogen-free sodium hydroxide was prepared
by dissolving metallic sodium in water.
In both the Direct and Vacuum Bottle method, 50 cubic centi-
meters of the sodium hydroxide solution were added to each
bottle. The bottle was shaken for a few minutes and allow-
ed to stand over night. The contents of the bottle were
transferred to an Erlenmeyer flask and 15 cubic centimeters
of 5$ sodium peroxide (0.7 gms. NagOg ) were added, the al-
cohol was evaporated off, and the solution was acidified with
10 cubic centimeters of concentrated nitric acid. An excess
of standard silver nitrate solution was added. The solution
was boiled to coagulate the silver bromide, filtered, washed
and cooled. The excess silver nitrate was titrated with
standard sodium thiocyanate solution, using 2-3 cubic cen-
timeters of ferric alum as the indicator. The solutions were
made up to a volume of 150 cubic centimeters.
A blank determination was always made with the
analysi s.
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SODIUM PEROXIDE METHOD.
In the Direct and Vacuum Bottle method, 50 c.c. of
3-5^ aqueous sodium peroxide solution were added. The
bottles were shaken and allowed to stand over night. After
decomposition, the solution was warmed, if an alcoholic solu-
tion of brombenzyl cyanide was used. The solution was acidi-
fied with concentrated nitric acid and an excess of standard
silver nitrate solution was added. The solution was boiled to
coagulate the silver bromide, filtered, washed, and cooled.
The excess silver nitrate was titrated with standard sodium
thiocyanate using 2-3 c.c. of ferric alum as the indicator.
A blank determination was made at the same time.
ANALYSIS WITH SODIUM ETHYLATE
.
An absorbing solution containing 2 grams of sodium
in 100 cubic centimeters of absolute alcohol was used. The
weighed or aliquot sample and 25 c.c. of sodium ethylate were
introduced into the bottles. The bottles were shaken at in*
tervals for 1/2 hour and allowed to stand over night. After
decomposition, the solutions were transferred to Erlenmeyer
flasks. The alcohol was evaporated off and the solution was
acidified with 10 c.c. of concentrated nitric acid. An excess
of standard silver nitrate was added and the solution was
boiled to coagulate the silver bromide, filtered off, washed,
and cooled. The excess silver nitrate was titrated with
standard sodium thiocyanate, using 2 - 3 c.c. of ferric alum
as the indicator. The volume of the solution was about 150
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c.c. for the titration. A blank determination was made to
check the analysis.
EXPERIMENTAL
.
5%, 10% and 15% solutions of sodium hydroxide in
50% alcohol were first used, but the 5% solution was unsatis-
factory, whereas the 10% and 15% were equally good.
The vacuum bottle method was used, and 50 c.c. of
absorbent were used in each case. The 50% alcoholic solutions
were colored a deep greenish yellow, while the 10% and aqueous
solutions were only slightly colored. After decomposition
was complete, the solutions were transferred to Erlenmeyer
flasks, the alcohol was evaporated off and acidified v/ith
nitric acid. A heavy flocculent yellow precipitate of diphenyl
maleic anhydride was formed. An excess of standard silver
nitrate was added and the solution was warmed to coagulate
the silver bromide. Diphenylmaleic anhydride is quite soluble
in hot water, and the solutions had to be well cooled before
filtering. The precipitate had to be all filtered off as it
gave the solution a yellow color that later interfered with
the titration. The excess of silver nitrate was titrated
with N/100 sodium thiocyanate, using 2 - 3 c.c. of ferric alum
as indicator.
If the silver nitrate is added before filtering
off the diphenylmaleic anhydride, the results are about 0.25$
higher than when the diphenylmaleic anhydride is filtered off
before. The purity of the sample used was 42.29$ bromine.
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TABLE 21.
ALCOHOLIC SODIUM HYDROXIDE
ON BROMBENZYLCYA1TIDE
U C . C * JL Uyc JNaUn in 50$ Alcohol
Shaken five minutes and allowed to stand fifteen hours.
Gra. Brom- Gm. Brom - $ Capa- Mgm .Brom- Part ft
"benzyl - benzyl- De com pe r Cone
.
cyanide cyanide of cyanide To Vevi
Taken Fo und DO U lie pU 27 be X ion
in cc.
0.0207 0.02054 99.24 2552 8.11 927 1/1079
0.01<>96 0.01954 99.69 2590 7.56 865 1/1156
0.0193 0.01962 100.47 2556 7.55 863 1/1158
0.0190 0.01882 99.08 2552 7.44 851 1/1175
0.0211 0.02116 100.31 2556 8.25 943 1/1060
0.0125 0.01258 100.69 2552 4.89 559 1/1786
0.0196 0.01957 99.88 2552 7.68 877 1/1139
Reducing the amount of alcohol from 50$ to 10$ did
not seem to effect the results, but the presence of 10$ of
alcohol was necessary to act as a solvent for the brombenzyl
cyanide so that chemical reaction could take place more
easily. (Table 22). A 10$ aqueous solution of sodium hy-
droxide did not give complete decomposition.
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TABLE 22.
ALCOHOLIC SODIUM HYDROXIDE
OK BROMBENZYL CYANIDE
50 c.c. 10% NaOH in 10% Alcohol
Shaken five minutes and allowed to stand fifteen hours.
Gm. Brom- Gm. Brom- % Capa- Mgm.Brom- Parts
benzyl- benzyl- Decomp. city benzyl- per Cone.
cyanide cyanide of cyanide Mill- Taken
Taken Found Bottle per ion
in c.c liter
0.0327 0.03223 98.58 2556 12.79 1462 1/684
0.0297 0.02973 100.09 2556 11.61 1148 1/870
0.0255 0.02553 100.12 2537 10.51 1099 1/910
The aqueous sodium hydroxide gave an average of
40.47^ bromine or 95.69^ decomposition (Table 23).
TABLE 23.
AQUEOUS SODIUM HYDROXIDE ON
BRQMBENZYLCYAITIDE
.
50 cc. 10% Aqueous NaOH. Shaken 5 ain. & allowed to stand 15 hr.
Gm. Brom - Gm. Brom- % Capa- Mgm.Brom- Parts
benzyl- benzyl- Decomp. city benzyl- per Cone,
cyanide cyanide
.
of cyanide Mill- Taken
Taken Found Bottle
in cc
.
per
liter
ion
0.0468 0.04503 96.22 2539 18.43 2106 1/4 75
0.0406 0.03881 95.60 2552 15.90 1818 1/550
0.0357 0.03398 95.18 2590 13.78 1575 1/635
0.0432 0.05136 95.77 2552 16.92 1934 1/512
The results obtained using 10% alcoholic sodium
hydroxide solution were quantitative but the method was
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somewhat unsatisfactory, because of the time required and the
difficulty in filtering off the diphenylmaleic anhydride.
Small amounts of sodium peroxide solution were added to pre-
vent the formation of the diphenylmaleic anhydride. Five
cubic centimeters of h% sodium peroxide solution (0.25 gram
Na202 ) were added to each of four samples immediately after
the sodium hydroxide solution (Table 24). Some diphenylmaleic
anhydride was formed in each case when the decomposition so-
lution was acidified with concentrated nitric acid.
TABLE 24.
SODIUM HYDROXIDE ON BROMBENZYLCYANIDE IN PRESENCE OF
SODIUM PEROXIDE
.
50 c.c. 1<yf NaOH in 10$ Alcohol plus 5 cc. bfc
Na2 2
Shaken five minutes and allowed to stand fi fteen hrs.
Gm. Brom- Gm. Brom- % Capa- Mgm.Brom- Parts Cone
benzyl- benzyl- De- city benzyl- per Taken
cyanide cyani de comp. of cyanide Mil-
Taken Found bottle per lion
in cc. li ter by vol.
0.0270 0.02679 99.24 2539 10.63 1215 1/823
0.0144 0.01445 100.38 2552 5.64 644 1/1551
0.0275 0.02745 99.83 2590 10.61 1213 1/824
0.0251 0.02526 100.66 2552 9.83 1124 1/889
In the next experiment (Table 25) 10 c.c. of b%
sodium peroxide solution (0.5 gram Na202) was a <*ded to the
decomposition solution after it was transferred from the bottle
to an Erlenmeyer flask. This amount was sufficient to prevent
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the formation of diphenylmal sic anhydride in all but the two
larger samples of brombenzylcyani de taken.
TABLE 25.
SODIUM HYDROXIDE ON BROMBENZYL CYASIDE IN PRiSSJSNCE OP
SODIUM P3ROXIDS,
Gm. Brom- Gm. Brom- % Capa- Mgm.Brom- Parts
benzyl- benzyl- Decomp. city benzyl- per Gone
.
cyanide cyanide of cyanide Mill- Taken
Taken Pound Bottle per ion
in cc
.
liter by vol
.
0.0145 0.01429 98.63 2556 5.67 648 1/1542
0.0178 0.01782 4.00.12 2552 6.97 797 1/1279
0.0322 0.03176 98.63 2557 12.59 1439 1/695
0.0280 0.02747 98.11 2537 11.03 1261 1/793
The above results show that brombenzylcyani de de-
composed quantitatively by alcoholic sodium hydroxide. The
best results were obtained by using a 10$ solution of sodium
hydroxide in 10% alcohol, to which 15 c.c. of b% sodium per-
oxide solution (0.7 gm. Na£©2 ) was added, either at the same
time that the sodium hydroxide was added or just before the
solution was removed from the bottle (Table 26).
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TABLE 26.
ALCOHOLIC SODIUM HYDROXIDE ON BROMBENZYLCYAN IDE
,
IN PRESENCE OF SODIUM PEROXIDE.
50 c.c. 10$ NaOH in 10$ Alcohol. Shaken five minutes,
allowed to stand fifteen hours, and 10 c.c. 5$ Na2 2
added.
Gm . Brom- Ctw . Brom- $ Capa- Kgm.Brom-• Parts
benzyl- benzyl- Decomp. city "benzyl- per Cone.
cyanide cyanide of cyanide Mil- Taken
Taken Pound Bottle per lion
in cc. liter by vol.
0.00327 0.00325 99.10 2556 1.28 146 1/6831
0.00250 0.00253 101.18 2552 0.98 112 1/8921
0.00205 0.00209 102.01 2557 0.80 92 1/10870
0.00172 0.00172 99.65 2537 0.67 77 1/12870
SODIUM PEROXIDE METHOD.
The use of small amounts of sodium peroxide in the
alcoholic sodium hydroxide method of analysis of brombenzyl-
cyanide suggested the use of aqueous sodium peroxide solu-
tions alone. The Direct and Vacuum bottle method gave ac-
curate results.
In the direct method, an alcoholic solution of
brombenzyl cyanide was added to 50 c.c. of the aqueous sol-
ution of sodium peroxide in a 500 c.c. glass stoppered bottle.
The bottle was shaken and allowed to stand over night. An
ultimate analysis of the bromine content of this sample gave
42.32$ (theoretical 40.78$ Br.).
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TABLE 27.
ACTION OF SODIUM PEROXIDE ON BROMBEN£YLCYAN I DE
DIRECT METHOD.
Gnu Qm. Br2 % Bro %
Sample Found Found Decomposition
0.012
0.012
0.012
0.012
0.012
50 cc. 1% Sodium peroxide
0.00456 38.20
0.00472 39.54
0.00463 38.80
50 cc. 2% Sodium Peroxide
0.00472 39.56
0.00478 40.08
90.27
93.43
91.44
93 . 48
94.71
0.012
0.012
0.012
0.012
50 cc. 2>% Sodium Peroxide
0.00456 42.06
0.00493 41.76
0.00493 41.76
0.00499 42.24
99.15
98.44
98.44
99.55
0.012
0.012
50 cc. Sodium Peroxide
0.00491
0.00515
41.55
43.66
98.18
103.17
The sample used in the Vacuum Bottle method con-
tained 37.49^ Bromine. An alcoholic solution of brombenzyl
cyanide was first introduced into the evacuated bottle and
then. 50 cc. of absorbing solution. The bottles were thoro-
ughly shaken and allowed to stand over night.
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TABLE 28.
DETERMINATION OP BROMHENZYLCYAN IDE WITH SODIUM PEROXIDE .
50 c.c. 2>% Sodium Peroxide
CC.01N Gm. Gm . Br2 % Brp Mgm.Per P.P.M. % Con-
AgNO* Sample Found Found Li ter Decom
.
cen
.
15.03 0.012410 .00462 37.22 4.964 567 99.28 1/1763
15.00 0.012410 .00449 36.20 4.964 567 99.65 1/1763
14.99 0.01404 .00528 37.63 5.616 641 100.30 1/1558
15.06 0.008846 .00332 37.49 3.538 404 100.16 1/2473
15.01 .01371 .00553 37.43 5.484 626 99.84 1/1595
Action of Sodium Ethylate on Brombenzyl Cyanide.
The Direct method of analysis of brombenzyl cyanide
was used with b% sodium ethylate. 25 c.c. of sodium ethylate
was added to a sample of brombenzyl cyanide in a glass stop-
pered bottle. The bottle was thoroughly shaken and allowed to
stand over night. On standing, a yellow color formed which
disappeared on the addition of nitric acid. The sample used
contained 37.49^ Bromine.
TABLE 29.
ACTION OF SODIUM ETHYLATE ON BROMBENZYL CYANIDE
.
25 c.c. of b% solution used.
Om. of Sample Gm. Br2 % Br2 %
Found Found Decomposition
0.01805 0.006761 37.46 99.92
0,01805 0.006761 37.46 99.92
0.01805 0.006857 38.00 101.36
0.01805 0.006905 38.26 102.06
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The Vacuum Bottle method was used with a 1% and 2%
sodium ethylate solution. Both solutions decomposed brom-
benzyl cyanide quantitatively. 25 c.c. of the absorbing so-
lution was used for each sample. The sample contained 37.49/£
bromine.
TABLE 30.
ANALYSIS OF BROMBENZYL CYANIDE WITH SODIUM ETHYLATE
25 c.c 2% Sodium Ethylate used.
Gm of
Sample
CCN/100 Mgm. per
AgN03 liter
Used
P. P.M.
"by
vol
.
Mgm.
Br2
Found
% Br2Found
% Decomp. Gone.
Gale, on
purity of
Sample
0.01371 6.37 5.484 626.84 5.0909 37.13 99.04 1/1595
0.01371 6.37 n 5.0909 37.13 99.04 ii
0.01371 6.37 N ii 5.0909 37.13 99.04 ii
0.01371 6.45 N n 5.1548 37.60 100.29 ii
0.01371 6.40 N N 5.1149 37.31 99.52 H
0.01371 6.48 II n 5.1788 37.77 1 00 . 75 II
25 c.c. 1% Sodium Ethylate.
0.01521 7.11 6.0868 695.77 5.6823 37.35 99.63 1/1437
0.01521 7.10 M it 5.6743 37.30 99.50 ii
0.01521 7.08 M w 5.6583 37.19 99.21 •i
0.01521 7.06 W » 5.6424 37.09 98.93 H
0.01521 7.00 II n 5.5944 36.77 98.09 n
ACTION OF SODIUM SULPHITE ON BROMBENZYL CYANIDE.
The action of alcoholic sodium sulphite on bromben-
zyl cyanide was studied, the results obtained did not warrant
any further work upon the problem. The Sodium Sulphite
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solution did not decompose brombenzyl cyanide quantitatively.
1% and 9% solutions were tried but the results were not im-
proved. A 9% solution of sodium sulphite in 30% of alcohol
is a saturated solution. The per cent of bromine in the
sample was 42,42%.
The Direct method of analysis with alcoholic sodium
sulphite was used. Aliquot portions of an alcoholic solution
of brombenzyl cyanide were used for analysis. The bottles
were thoroughly shaken and allowed to stand over night before
proceeding with the analysis.
TABLE 31.
ACTION OF ALCOHOLIC SODIUM SULPHITE ON BROMBENZYL CYANIDE
50 c.c. of 1% Sodium Sulphite
Gm. of Gm. of Br2 % Br. % Decomp.
Sample Found Found
0.01083 0.00424 39.11 92.17
H 0.00398 36.70 86.50
If 0.00424 39.11 92.17
50 c.c. of 9% Sodium Sulphite
0.01083 0.00404 37.26 87.81
n 0.00409 37.85 89.21
0.01180 0.00452 38.25 90.15
w 0.00453 38.38 90.45
if 0.00451 38.18 89.17
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DICHLORDIETHYL SULPHIDE
.
The solubility of dichlordi ethyl sulphide (mustard
gas) in water is about 0.1$. The dissolved dichlordi ethyl
sulphide is gradually hydrolyzed in the cold with the forma-
tion of hydrochloric acid, and more of the dichlordi ethyl
sulphide is dissolved. The rate of hydrolysis is increased on
warming, and with hot water it is complete. The rate of hy-
drolysis in the cold is increased by the presence of dilute
alkalies, such as sodium carbonate and sodium hydroxide and
the neutral salt, sodium sulphite. In the cold, using aque-
ous solutions of sodium hydroxide and sodium carbonate, and
alcoholic sodium sulphite, decomposition was not complete.
Aqueous solutions of sodium peroxide and aqueous silver ni-
trate completely decompose dichlordiethyl sulphide. Sodium
thiosulphate also gives complete decomposition.
The Standard sodium peroxide method was used in
the Vacuum Bottle method of decomposition. Both high and low
concentrations of dichlordiethyl sulphide were used. 50 c.c.
of 2| aqueous sodium peroxide solution were used as the ab-
sorbing solution. The bottles were shaken continuously for
one-half hour and allowed to stand over night. A blank de-
termination was made alonp with the analysis. (Table 32).
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TABLE 32.
DETERMINATION OF DICHLORDIETHYL SULPHIDE WITH
SODIUM PEROXIDE METHOD.
50 c.c. 2% Aqueous Sodium Peroxide Solution
Shaking hour. Standing over night.
Pi chl ordiethyl Sulphide % Parts Capac-
Taken Found Mgm. Decom- per Gone. Cone. ity of
Gm.
.
Gm. per posi- Mil- Taken Found Bottle
Li ter tion lion in cc.
0.0238 0.02381 9.38 100.06 1322 1/756.5 1/756.4 2535
0.0100 0.0100 3.87 100.06 545 1/1835 1/1835 2582
0.0277 0.02760 11.00 99.66 1551 1/643 1/647 2517
0.0114 0.01138 4.56 99.88 643 1/1555 1/1556 2500
0.0337 0.0334 13.24 98.96 1866 1/1336 1/541 2545
0.0132 0.0151 5.20 99.70 734 1/1362 1/1366 2535
0.0265 0.0262 10.6 98.98 1494 1/669 1/674 2500
0.0346 0.03452 13.74 99.79 1937 1/516 1/518 2517
The sodium peroxide method was used on as low con-
centrations of dichlordiethyl sulphide as may he volumetri cally
determined. A solution of dichlordiethyl sulphide in alcohol
was used to measure out the small samples, and aliquot por-
tions were introduced into 2£-liter evacuated bottles and
determined according to the procedure.
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TABLE 33.
DETERMINATION OF LOW CONCENTRATIONS OF DICHLORDIETHYL SULPHIDE
WITH SODIUM PEROXIDE METHOD.
50 c.c. 2% Aqueous Sodium Peroxide.
Mgm
.
Taken
Mgm •
Found
Mgm.
Liter
%
Tip r»Am t\~
osi-
nun
Part b
Tiff*
rail-
Cone. Cone. Time
TaVpn "ffrmnri SViak—
en
Time
of
Stand
ing
2.379 2.375 938 99 82 1 32Xw mud X/ 1 ( %J X. / f *JGO g Jli .
Over
night
1 .983 1. 979 \J . (DO QQ 7Q•7 9. f i7 x/ ?feOi i/pcou ^ nr. it
1.586 1.686 0.630 106.27 89 1/11236 1/10580 & Hr. II
1.189 1.283 0.407 107.89 58 1/17241 1/15053 £ Hr. II
0.793 0.811 0.312 102.33 44 1/22727 1/22209 £ Hr. II
0.713 0.758 0.281 107.71 40 1/25000 1/23210 £ Hr. II
0.594 0.459 0.230 95.76 32 1/31250 1/32633 i Hr. 2 Mr.
0.396 0.384 0.153 96.97 22 1/45454 1/46874 £ Hr. 1 "
0.0396
i
0.416 0.157 104.91 22 1/45454 1/43327 £ Hr. 1 "
An inspection of the table shows that in but one
determinati on does the concentration taken and found differ
by more than 3000. No. 4 gave a decomposition of 107.89$
but the difference between the concentration of 1 part in
17,000. The lowest amount of dichlordiethyl sulphide taken
was 0.396 mgm. and is equivalent to 0.5 c.c. N/100 silver
nitrate. This then, is the limit of the method for the vol-
umetric determination of the chloride unless larger bottles
than the 2^-1 iter axe used.
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The advantages of the sodium peroxide method are:
(1) Decomposition takes place in the cold.
(2) No alcohol is necessary.
(3) Heating is unnecessary and the time needed to
complete the analysis is shortened.
(4) Amounts of dichlordie thyl sulphide as low as
1 part in 45,000 may be analyzed.
SILVER NITRATE METHOD.
An aqueous solution of standard silver nitrate is
an accurate means of determining dichlordie thyl sulphide. It
has many advantages that commend its use as a quantitative
method:
(1) Accurate results are obtained down to the
practicable limits of volumetric analysis.
(2) The decomposition takes place in the cold.
(3) The method is rapid - a complete analysis can
be made in about one hour.
(4) A standard solution is used as the absorbent,
and
(5) An aqueous solution is used, thus avoiding the
necessity of having to boil off any
alcohol
.
The Vacuum Bottle method was used in this work, and
the following procedure was used.
An excess of approximately 100$ of the silver ni-
trate necessary to completely precipitate all the chlorides
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present is added to the bottle. The bottle may be shaken
continuously for 30 minutes and immediately analyzed, or
shaken for 5 minutes and allowed to stand over night. Sat-
isfactory results are obtained by using either one of these
methods. Shaking for 5 minutes and analyzing in 3 hours does
not give comparable results. After decomposition, the con-
tents of the bottle are transferred to an Erlenmeyer flask
and the bottle is carefully washed with distilled water.
Acidify with 7-10 cubic centimeters of concentrated nitric
acid and coagulate the silver chloride, filter, wash, and
cool. The excess silver nitrate is titrated with standard
sodium thiocyanate, using 2 c.c. of ferric alum as the indi-
cator.
The following results (Table 34) were obtained on
a sample of dichlordiethyl sulphide which was 99.04^ pure.
TABLE 34.
DETERMINATION DICHLORDIETHYL SULPHIDE WITH AQUEOUS SILVER
NITRATE.
Gm. Gm. % Mgm. of P. P.M. Gone
.
Cone
.
Dichlordi ethyl Decom- C12'C4H8 S by Taken Found
Sulphide posi- per vol
.
Taken Found tion li ter
0.0861 0.0847 98.4 34.40 4032 1/248 1/252
0.0414 0.04143 100.07 16.60 1945 1/514 1/510
0.0184 0.0183 99.8 7.3 855 1/1169 1/1171
0.0145 0.01452 100.06 5.9 679 1/1472 1/1471
0.0295 0.0293 99.3 11.8 1383 1/723 1/728
0.0283 0.0284 }00.
2
11.3 1324 1/755 1/753
0.0233 0,02334 100.2 9.3 1090 1/918 1/916
0.0477 0.04820 101.1 3-9.1 2238 1/438 1/433
0.0473 0.0478 101.1 18.9 2215 1/451 1/452
0.0321 0.0324 101.1 12.8 1500 1/666 1/658

Action of Aqueous Silver Nitrate on Low
Concentrations of Dichlordi ethyl Sulphide
73
Mgm. Mgm. per Volume
Dichlordiethyl % Decom- liter P.P.M Gone. Cone. of
Sulphide position CI0C4H4S by Taken Found Bottle
Taken Pound taken Vol. G.C.
2.025 2.221 109.5 0.810 113 1/3348 1/3080 2533
1.690 1.862 110.2 0.67 93 1/1075 1/9770 2563
1.690 1.703 100.8 0.67 ,93 1/1075 l/l06#6 2583
1.352 1.475 109.1 0.54 75 1/1333 1/12220 2542
1.352 1.513 112.3 0.54 75 1/1333 1/11372 2563
1.352 1.341 99.2 0.54 75 l/l 333 1/13441 2583
1.014 0.971 95.8 0.40 56 1/17363 1/18643 2550
1.014 1.072 105.8 0.40 56 1/17860 1/16831 2563
1.014 1.057 104.3 0.40 56 1/17360 1/17120 2550
0.840 0.842 100.3 0.33 46 1/21737 1/21672 2563
0.340 0.874 104.1 0.33 46 1/21737 1/20830 2583
0.840 0.915 103.8 0.33 46 1/21737 1/19938 2583
0.672 0.700 104.3 0.27 37 1/27027 1/26871 2542
0.504 0.573 113.8 0.20 28 1/35714 1/3.1383 2550
0.504 0.577 114.5 0.20 28 1/35714 1/31191 2542
0.504 0.513 101.9 0.20 28 1/35714 1/35048 2583
. 504 0.559 111.1 0.20 28 1/35714 1/32143 2542
0.336 . 250 74.4 0.134 18 1/55555 1/74671 2563
0.163 0.128 76.5 0.067 9 l/lllll 1/14524 2550
0.168 0.200 119.3 0.067 9 l/lllll 1/93136 2550
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The silver nitrate method was extended to the
analysis of lower concentrations of dicblordiethyl sulphide.
Concentrations of 1 part in 25,000 can be accurately determin-
ed, and 1 part in 35,000 can be determined with a fair degree
of accuracy. This is the limit of volumetric analysis when a
sample is collected in a 2^-liter bottle. Samples of dichlor-
diethyl sulphide for these low concentrations were obtained
by using aliquots from an alcoholic solution of the dichlor-
diethyl sulphide. The sample was dissolved in 25 c.c. of 95$
alcohol and 25 c.c. of water and then diluted to volume in a
volumetric flask. The size of volumetric flask used depends
on the size of aliquots desired.
RELATION BETWEEN PERCENTAGE
DECOMPOSITION AND EXCESS OF SILVER NITRATE USED TO
DECOMPOSE ©ICHLORDIETHYL SULPHIDE.
The percentage decomposition and the per cent excess
of standard silver nitrate added was noted in ail the deter-
minations made to determine a relation between the two if
possible. Trrom the results it was observed that uniformly
poor results were obtained when the excess of silver nitrate
used was below 57$. From 57$ to 85$ in excess gave on an aver-
age 94$ to 98$ decomposition, while 100$ to 125$ in excess gave
98$ to 102$ decomposition. It is therefore recommended that
an excess of approximately 100$ silver nitrate should be added
to the amount necessary to decompose the di ch lor diethyl sul-
phide
.

TABLE 36.
RELATION" 0? EXCESS SILVER NITRATE
TO PERCENT DECOMPOSITION OF DICHLORDIETHYL SULPHIDE
Decomposition % Excess of Reagent
95.3 21.5
94.6 25.3
95.3 45.3
95.4 45.3
95.3 54.1
94.6 57.3
94.6 57.3
94.7 58.6
96.8 58.7
97.3 60.6
97.8 60.6
95.8 63.6
97.6 64.6
98.1 71.8
96.4 61.5
98.2 76.7
98.2 74.7
97.8 79.9
98.1 84.1
100.2 102.;
98.6 109.0
102.4 110.1
99.3 111.8
102.0 112.7
101.1 112.7
101.1 114.5
98.6 116.9
100.16 117.1
98.2 119.5
101.1 120.3
102.2 121.9
100.2 122.5
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AQ.UEOUS SODIUM THIOSULPHATE SOLUTIONS ON
DICHLORDIETHYL SULPHIDE.
Aqueous sodium thiosulphate solutions varying in
strength from \% to 5% were used. The 2>% and b% solutions
almost completely decomposed dichl ordiethyl sulphide in the
cold. After about 1-J- hours standing in the cold, sulphur
separates out. The reaction depends on the hydrolysis of the
dichl or diethyl sulphide "by v/ater and the increase in rate of
hydrolysis "by means of sodium thiosulphate. The difficult part
of the procedure was to boil off the sulphur dioxide andfil-
ter off the sulphur. That dichl ordiethyl sulphide is complete-
ly decomposed by sodium thiosulphate was later shown in a
colorimetric method developed on this reaction.
Procedure :
Samples of Dichl or diethyl Sulphide were weighed in
sealed glass bulbs, and placed in a 2^-liter bottle which was
then evacuated. 50 cubic centimeters of the sodium thiosul-
phate were drawn into each bottle. The bottles were shaken
continuously on the shaking wheel for the length of time in-
dicated in the table. After standing for the given period
of time, the contents of the bottles were transferred to
Erlenmeyer flasks, and acidified witft 10 c.c. of concentrated
nitric acid. The contents of the flasks were boiled for 20
minutes to coagulate the sulphur and drive off the sulphur
dioxide formed. The sulphur was filtered out and an excess
of standard silver nitrate was added. The solution was heat-
ed to coagulate the precipitate of silver chloride, cooled,
filtered and washed with water. The excess 3ilver nitrate was
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determined with standard sodium thiocyanate, using 2-3 c.c.
ferric alum as the indicator.
TABLE 37.
ACTION OF SODIUM TH 1 SULPHATE ON DI CHLORDIETHYL
SULPHIDE
.
Gm.
Ct *± o
Taken
Time
Stand
ing
of Time
Shak-
en
Strength
of NapSoO^iC w
Solution
Gm.
GI2C4HQSG t O
Pound
^ Decomposed
or
Hydrolyzed
0.0316 Min f Hr. 1^ 0.0271 85.76
0.0420 N | Hr. 0.0383 91.20
0.0573 16 Hr. * Hr. 0. 0524 91 .44
0. 0621 16 n \ Hr. 0.0575 92.59
0. 0300W WWW 16 It 1/3 Hr. x/o 0280 93.33
0.0622 36 ft \ Hr. 2% 0.0588 94.53
0,0592 36 It 9 2% 0.0566 93.91
0.0482 36 II 2% 0.0454 94.19
0.0378 12 n
t
Z% 0.0363 96.03
0.0365 2 ii 4 " 0.0349 95.61
0.0.341 2 it i w 5% 0.0326 95.60
co^o 2 M 3 II 0.0)557 98.84
0.0317 2 It X w 0.0322 101.57
0.0878 16 M X w s% 0.0869 98.97
0.0446 12 tt 1/3 H 0.0421 94.40
0.0291 12 N £ M bl 0.0277
95.18
0.1066 16 It
t
:
0.1033 96.90
0.0715 16 It 4 b% 0.0689 96.36
Although sodium thio sulphate is a neutral salt, the
Mohr method could not be used because sodium thiosulphate is
a solvent for silver chromate . Potassium chromate was added
to a Z% sodium thiosulphate solution and no end point was ob-
tained after 50 cubic centimeters of li/\00 AgNO^ had been
added (Mellor, Quant. Anal. P. 80, 1913 Ed.)
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TRI CHLOROMETHYL CHLOROFORMATE
.
Trichlorome thyl chloroformate (superpalite), like
chloropicrin, has a very high percentage of chlorine, and low
concentrations of superpalite may be determined due to this
fact. Superpalite is slowly hydrolyzed in the presence of
water, the reaction is quite rapid at 100° C. Hydrolysis is
greatly increased "by alkalies and other neutral salts, among
those giving the best results are sodium peroxide, sodium
sulphite and silver nitrate. The action of these reagents in
dilute solutions on low concentrations of Superpalite is
given in detail.
Sodium Peroxide liethod .
Samples of Superpalite were weighed in sealed glass
bulbs and placed in 2^-liter bottles which were then evacuat-
ed. The bulbs were broken by shaking the bottle. 50 c.c. of
\rfo % 1%, 2%, and 4% aqueous solutions of sodium peroxide were
used. The bottles were then shaken and allowed to stand a
definite length of time. The standard sodium peroxide method
of analysis was then carried out.
The results were quantitative with each concentra-
tion of sodium peroxide.
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TABLE 38.
DETERMINATION OF TR IGHLOROMETHYL CHLORO FORI.'ATE
WITH SODIUM PEROXIDE METHOD.
50 c.c. 4% Sodium Peroxide
Shaken 30 Minute 3. Time of Standing - Over Night
Gm. Gm. Parts
Super- Super- Super- per Gone. Cone. % De-
pal ite pal ite pal ite Mil- Taken Found Comp.
Taken Found per liter lion.
by vol
.
0.0443 0.04496 17.44 1883 1/531 1/522 101.51
0.0562 0.05692 22.03 2495 1/400 1/394 101.32
0.0482 0.04849 19.4 2201 1/454 1/428 100.61
50 c
Shaken 30
«c. 4% Sodium Peroxide
Miniates. Time Standing - l£ hour.
0.0156
0.0085
0.0074
0.0057
0.01579
0.00850
0.007524
0.005751
6.16 698 1/1434
3.36 381 1/2624
2.92 341 1/2932
2.25 255 1/3921
1/1417
1/2624
1/2871
1/3921
101.21
100.000
101.68
100.08
50 c
Shaken 30
• c. 4% Sodium peroxide
! inutes. Time Standing - £ hour.
0.0128
0.0114
0.01288
0.01137
5.06 573 1/1727
4.5 510 1/1960
1/1716
1/1966
100.6
99.73
50 c
Shaken 30
, c. 4% Sodium Peroxide
Minutes. hour in bottle)
0.0214
0.0134
0.02173
0.01321
8.42 955 1/1047
5.29 600 1/1666
1/1036
1/1700
101.08
98.06
50 c
Shaken 10
. c. 4% Sodium Peroxide
Minutes. (15 minutes in 1Dottl e
)
0.0155
0.0274
0.01591
0.02821
6.14 696 1/1436
10.79 1223 1/817
1/1401
1/791
102.5
103.2
50 c.c. 1% Sodium Peroxide
Shaken 5 minutes and washed in bottle immediately.
0.01775
0.0126
0.01809
0.01298
6.92 784 1/1275
/
4.94 560 1/1785
1/1268
1/1740
100.6
102.61
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TABLE 38 (concluded).
50 c.c. Sodium Peroxide
Shaken 5 minutes and washed from "bottle immed iately
.
Gm. Gm. Mgm. Parts Cone. Cone. % De-
Super- Super- Super- per Taken Found comp.
palite palite palite Million
Taken Found per by
liter vol.
0.0222 0.02211 8.77 996 1/1003 1/1008 99.59
0.0163 0.01670 6.41 727 1/1375 1/1343 102.45
0.0252 0.02503 10.0 1134 1/882 1/888 99.32
Trichloromethyl chloroformate in concentrations as
low as 1 part in 800 is immediately decomposed by sodium per-
oxide as is shown in the above table (No. 38). The concentra-
tion of sodium peroxide required is very low, 0.125 gm. of
sodium peroxide quantitatively decomposed 0.0252 gm. of tri-
chlorome thyl chloroformate.
Trichloromethyl chloroformate was collected in 2-&-
liter vacuum bottles from a gas chamber in which a known con-
centration of gas was present. The trichloromethyl chloro-
formate was drawn from the chamber into a burette over mercury,
and transferred to the 2^-liter bottles. 50 cubic centimeters
of \% sodium peroxide were then drawn in and the bottle was
shaken for 20 minutes and analyzed immediately. The results
obtained are given in the following table ( Table llo. 39).
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TABLE 39.
DETERMINATION LOW CONCENTRATIONS OF TRICHLOROMETHYL CHLOR0-
WITH SODIUM PEROXIDE
50 c.c. of 1% Sodium Peroxide
Shaken 20 minutes and analyzed immediately
Mgm. Mgm
.
Mgm. Parts
% De-Super- Super
-
per per Cone
.
Cone.
pal ite pali te liter million Taken Found comp.
Taken Found by vol.
2.468 2.431 0.6(972 110 1/9090 1/9145 99.5
2.516 2.501 0.978 109 1/9092 1/9205 98.7
1.246 1.264 0.492 55 1/17676 1/17492 101.8
1.39 1.362 0.552 62 1/15873 1/16372 98.1
1.064 1.079 0.422 47 1/20408 1/20061
1/24578
1/27567
101.8
0.927 0.903 0.369 41 1/23831 9^.4
0.801 0.796 0.320 36 1/27289 99.2
0.751 0.739 0.300 34 1/29428
1/32258
1/30000 98.25
0.689 0.668 0.272 30 1/32801 98.3
0.582 0.568 0.229 25 1/38819 1/39790 97.65
0.508 0.460 0.202 23 1/43500 1/48281 90.4
Gas concentrations of tri chloromethyl chlorofo rm ate
of 1 part in 25,000 may be determined accurately, whereas con-
centrations of 1 part in 30,000 can be determined with a fair
degree of accuracy in samples collected in 2-^-liter bottles.
SODIUM SULPHITE METHOD.
The standard sodium sulphite method was used for
the analysis of tri chlorinethy1 chloro formate . Weighed bulbs
were placed in 2^-- liter bottles which were then evacuated.
The bulbs were broken by shaking the bottles. 50 c.c. of the
alcoholic sodium sulphite were drawn in and the bottles were
shaken continuously for £ hour and allowed to stand over
night. The results obtained showed that this method may be
used with quantitative results (Table 40).
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TABLE 40
determination of trichloromethyl chloroformate with
sodium: sulphite
50 c.c. Alcoholic Sodium Sulphite
Time shaken l hour Time Standing - Over ni ght
Gm. Gm. Mgm. Parts
% De-Super
-
Super- Super
-
per Gone
.
Cone
.
pali te palite palite Mil- Taken Found composed
Taken Found Found lion
"by vol •
0.0494 0.04991 19.76 2235 1/447 1/446 100.09
0.0355 0.03144 12.6 1429 1/692 1/693 99.8
0.0232 0.02343 9.22 1046 1/956 1/954 100.18
0.0324 0.0328 12.7 1440 1/615 1/607 101.3
The time of standing with thejsodium sulphite method
was then shortened to two hours ( table 41), after continuous
shaking for 30 minutes. The trichloromethyl chloro for mate in
this case was also easily decomposed.
TABLE 41
50 c.c. Alcoholic Sodium Sulphite
Solution
Time Shaken £ hour Time standing - 2 hours
,
Gm. Gm. Mgm. Parts
Super- Super- per per Cone. Cone. % De-
palite palite liter million Taken Found composed
Taken Found. by vol. __
.0134 .01378 5.33 603 1/165 1/150 102.87
.0273 .02763 10.7 1213 1/824 1/815 101.09
Gas concentrations of trichloromethylchlor ofo mate
were drawn into a burette over mercury from a gas chamber
-Mi
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containing a known concentration of the gaseous trichlor-
methylchloroformate. The samples of gas were then transferred
to 2^-liter vacuum bottles. 50 c.c. of alcoholic sodium sul-
phite were then drawn in, and the bottles were shaken con-
tinuously for 20 minutes and immediately analyzed according
to the Standard Sodium Sulphite method.
The results were as satisfactory as with the sodium
peroxide method (Table 42).
TABLE 42.
DETERMINATION LOW CONCENTRATIONS OF TRICHLOROMETHYLCHLORO-
FORMATE WITH SODIUM SULPHITE
50 c.c. of Alcoholic Sodium Sulphite
Shaken 20 minutes and immediately analyzed.
Mgm. Mgm. T >gm. Parts
% De-Super- Super- per per Cone
.
Cone
.
pali te pal i te liter Million Taken Found compo si ti
Taken Found by vol.
2.809 2.702 1.11 126 1/7936 1/8250.6 96.11
2.536 2.489 1.002 113.5 1/8849 1/9030 98.
2.900 2.862 1.151 120.5 1/7615 1/7734 98.6
2.027 2.096 8.022 91. 1/10999 1/10770 102.1
2.ie9 2.102 8.65 98.2 1/10204 1/10605 96.2
1.014 1.007 0.404 45.7 1/21859 1/22063
1/22441
99.3
1.026 1.017 0.403 45.7 1/22222
1/21278
99.15
1.010 1.005 0.402 45.6 1/21182 99.5
0.949 0.936 0.478 42.7 1/23421 1/23781 98.7
0.728 0.708 0.287 32.5 1/31187 1/32053 97.25
0.564 0.546 0.221 25. 1/40018 1/41255 97.
The results shov/ed that both the aqueous sodium
peroxide and alcoholic sodium sulphite methods will give ae-
on gas concentrations
curate results/as low as volumetric methods can be used. The
sodium peroxide method is, however, much easier to use as
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there is no alcohol or sulphur dioxide to boil off as in the
sodium sulphite method. The sodium peroxide method is the
easier and simpler method to use.
SILVER NITRATE METHOD
.
Direct Method :
A sample of Superpalite was weighed out in a sealed
glass bulb, and placed in a 1-liter glass stoppered bottle.
15 c.c. in excess of the standard silver nitrate necessary to
precipitate the chlorine was added, the solution was acidified
with 5 c.c. concentrated nitric acid. The bottle wa3 shaken
continuously for 20 minutes and after standing 20 minutes the
contents were washed through a filter into an Erlenmeyer flask.
2 c.c. of ferric alum indicator were added and the excess sil-
ver nitrate was titrated with standard sodium thiocyanate.
1 c.c. N/10 AgNOs- 0.004958 gm. of trichlormethylchlorofor-
mate
.
TABLE 43.
DETERMINATION OF TRICHL0R0METHYLCHL0R0E0RMATE WITH SILVER
NITRATE.
Gm. Gm. Mgm. Parts Gone
.
Gone
.
%
Super- Super- per per Taken Found Decom-
palite palite liter Million posi-
Taken Pound by vol. tion
0.0336 0.03336 33.6 3805 1/263 1/264 99.3
0.0391 0.0389 39.11 4428 1/226 1/227 99.5
0.02945 0.02975 29.45 3336 1/300 1/298 100.9
0.02595 0.02589 25.95 2939 1/340 1/341 99.8
0.02855 0.02873 28.55 3232 1/309 1/308 100.6
0.0043 0.004312 4.3 487 1/205 1/204 100.2
0.00905 0.00903 9.05 1025 1/976 1/977 99.9
0.0068 0.006791 6.8 770 1/1299 1/1301 99.8
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VACUUM BOTTLE METHOD.
Weighed glass bulbs containing Superpalite were
placed in 2£-liter bottles fitted with a rubberstopper
, and
standard silver nitrate was added to the bottle as in the
Direct method. Consistently high results were obtained.
When the rubber stoppers were examined the part exposed to
the silver nitrate was considerably darkened. The high re-
sults obtained were due to the absorption of some silver ni-
trate by the rubber stoppers used. When the rubber stoppers
used, were exposed for some time to the action of silver ni-
trate and ihen thoroughly washed with distilled water, good
results were obtained.
Experiments were then conducted with 2£-liter Nela
Vacuum Bulbs. The bulb of Superpalite was introduced anc a
glass tip sealed on. The bulb was then evacuated. On break-
ing the tip, the absorbing solution was drawn in and a rubber
tubing connecting placed over the tip of the bottle. The re-
sults were very accurate.
TABLE 44.
SILVER NITRATE ON SUPERPALITE IN PRESENCE OF STOPPERS UN-
TREATED WITH SILVER KITRATE.
Gm. Gm. Mgm, Parts
% De-Super- Super- per per Cone
.
Cone
.
palite pal i te liter Million Taken Found composi
Taken Found by vol. tion
0.0207 0.02205 8.28 904 1/11076 1/11794 106.56
0.0143 0.01623 5.72 647 1/15478 1/17512 113.49
0.0137 0.01497 5.48 620 1/16135 1/17624 109.27
0.0136 0.01533 5.44 616 1/16243 1/18436 113.45
0.0114 0.01269 4.56 516 1/19404 1/21605 111.31
0.0077 0.00912 3.08 348 1/38691 1/34163 118.7
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TABLE 45.
SILVER NITRATE ON SUKSRPMJTE IN PRESENCE OF STOPPERS PREVI-
OUSLY TREATED WITH SILVER NITRATE .
Gm.
Super-
pal i te
Taken
Gm.
Super
-
palite
Found
Mgm.
per
li ter
Part 8
per
Million
by vol.
Gone.
Taken
Cone
.
Found
% De-
compo-
si ti on
0.0189
0.0771
0.0091
0.0118
0.0192
0.0779
0.00907
0.01199
7.56
30.4
3.64
4.72
855
3440
412
534
1/11693
1/291
1/2431
1/1873
1/11888
1/291.2
1/24206
1/18932
101.6
100.1
99.6
101.
TABLE 46.
SILVER NITRATE ON SUPERPALITE IN VACUUM BOTTLE ALL OF GLASS.
Gm. Gm. Mgm. Parts
Super
-
Super per per Cone
.
Cone
. %
pali te pali te liter Million Taken Found Decomp.
Taken Found by vol.
0.07115 0.07089 28.46 3214 1/309 1/310 99.6
0.0390 0.03821 15.6 1765 1/566 1/571 99.
0.0126 0.1259 5.04 570 1/1754 1/1763 99.8
0.0061 0.00613 2.44 276 1/3623 1/3605 100.5
The Nela Vacuum bulb is a satisfactory type of
bottle to use for analyzing gas concentrations of trichlor-
methylchloroformate. If rubber stoppered bottles are used the
stoppers should be previously treated (Compare Tables 44 and
45). The method of analysis is short and can be carried out
in an hour. The L.P.G. Vacuum Bottle (Photograph No. 2) de-
signed after this work was completed, may be used with better
results than the Nela Bulbs.

07
CHLORACETOPHENONE
.
Chloracetophenone is insoluble in water and is not
hydrolyzed by it. Alkalies, however, such as sodium hydrox-
ide will decompose it in tne cold. Sodium peroxide decom-
poses chloracetophenone in the cold. Sodium sulphite does
not completely decompose chloracetophenone, and sodium car-
bonate only partially decomposes chloracetophenone.
Sodium Peroxide method.
Aqueous sodium peroxide will decompose chloraceto-
phenone quantitatively, and it may therefore, be used as a
method of analysis. The determinations were all conducted
at the same time and treated under identical conditions. The
stronger solutions of sodium peroxide were not as satisfac-
tory as the weaker solutions.
Procedure ;
50 cubic centimeters of aqueous sodium peroxide
were poured into an Erlenmeyer flask, and the sample of chlo-
racetophenone dissolved in alcohol was introduced. Theflask
was stoppered thoroughly, shaken and allowed to stand over
night. The solution was warmed, and acidified with 5 cubic
centimeters of concentrated nitric acid. An excess of stan-
dard silver nitrate was added to precipitate the chloride.
The silver chloride was coagulated, filtered off and washed.
2 c.c. Ferric alum was added to the filtrate and the excess
silver nitrate was titrated with standard sodium thiocyanate.

38
A blank determination was made alon/z with the analysis.
TABLE 47.
ACTION OF SODIUM PEROXIDE ON CHLORACETOPHENONE
.
50 c.c. 10$ Aqueous Sodium Peroxide.
Mgm. % %
Chloracetophenone CL2 Found Decomposition
39.9 22.58 98.38
39.9 21.95 95.64
68.5 21.76 94.81
68.5 22.07 96.1.6
50 c.c. b% Sodium Peroxide
10.2 21.90 95.41
10.2 21.92 95.50
10.2 21.86 95.25
50 c.c. 2.5$ Aqueous Sodium Peroxide
10.2 22.42 97.69
10.2 22.49 98.01
10.2 22.49 98.01
10.2 22.60 98.48
50 c.c. \% Aqueous Sodium Peroxide
10.7 24.54 100.78
10.7 23.97 98.44
10.7 24.54 100.78
10.1 24.78 101.64
10.1 24.29 99.75
Action of Sodium Hydroxide
on Chloracetophenone.
The standard aqueous sodium hydroxide method was
used in the Direct method of decomposition on chloroaceto-
phenone. Varying strengths of sodium hydroxide solutions
were used. The chloracetophenone was dissolved in alcohol
and aliquot3 were used for analysis. Sodium hydroxide
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solutions of 1%, 2%, and 5% strength were used. Blank de-
terminations were made along with the analysis. The results
obtained were accurate and quantitative (Table 48).
TABLE 48.
DETERMINATION OF CHLORACETOPHENONE WITH SODIUM" HYDROXIDE.
CC. of Alco- Mem. CC N/100 Percen
t
Percent
holic 80lu- Sample AgNO^ Chlorine Decomposi ti
tion of
sample
50 c.c. b% Aqueous Sodium Hydroxi de
10 10.172 6.71 23.39 101.96
10 6.56 22.86 99.65
10 6 . 71 23.39 101.96
10 H 6.71 23.39 101.96
10 " 6.56 22.86 99.65
50 c.c. 2% Aqueous Sodium Hydroxi de
5 5.0365 2.48 24.41 100.24
5 5.0365 3.48 24.41 100.24
50 c.c. 1% Aqueous Sodium Hydroxi de
10 10.073 6.96 24.49 100.57
5 5.0365 3.48 24.50 100.61
5 5.0365 3.48 24.50 100.61
ACTION OF ALCOHOLIC SODIUM SULPHITE
ON CHLORACETOPHENONE
Decomposition was not complete with alcoholic
sodium sulphite. The standard method was used in the Direct
method in several experiments without success. Thesodium
BUlphite and sample of chloracetophenone were allowed to
3tand over night before the analysis was made. The results
obtained are as follows (Table 49):
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TA^LE 49.
ACTION OF SODIITVT SULPHITE ON CHLORACETOPHENONE
.
50 c.c . Z% Alcoholic Sodium Sulphite.
No
.
CC. of al-
coholic so-
lution of
sample
Mgm. of
Ramnl e
CC.N/100
AgNO**
used
Percent
Chlorine
Found
Percent
Tip" CfllTlT) .
1 10 10.173 6.03 21.01 91.58
2 10 10.173 6.03 21.01 91.58
3 10 10.173 6.03 21.03 91.58
4 10 10.173 6.18 21.54 93.89
5 10 10.173 6.18 21.54 93.89
ACTION OF SODIUM CARBONATE SOLUTIONS
ON CHLORACETOPHENONE
.
1. Aqueous.
The action of aqueous sodium carbonate solutions
of If', 2%, and b% strength on chloracetophenone was
quantitatively studied. Weighed amounts of chloracetophenone
were placed into 2^-liter "bottles. 50 c.c. of the aqueous
sodium carbonate solution were added to each bottle and the
bottles were shaken continuously on the shaking wheel for
30 minutes. The bottles were then allowed to stand for two
hours. The solution was then filtered to remove any undecom-
posed chloracetophenone and the chloride was determined ac-
cording to the standard sodium carbonate method.
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'TABLE 50
ACTION OP AQUEOUS SODIUM CARBONATE
ON CHLORACETOPHENONE
.
NaoCO 3 c.c. Tim© Time Mgm. Mgm. %
sol. used Shaken Standing Taken Found Decoirroosi tion
1% 50 30 min. 2 hr. 31.5 5.54 17.60
50 30 » 2 it 33.3 3.32 25.00
50 30 2 tt 34.7 7.74 22.30
50 30 it 2 tt 36. S 9.45 25.70
50 30 « 2 n 59.0 12.13 20 . 57
50 30 tt 2 tt 81.9 18.00 21.99
2% 50 30 2 tt 23.6 8.97 31.40
2% 50 30 w 2 « 32.5 10.80 33.20
2% 50 30 it 2 it 36.2 6.31 17.39
2% 50 30 w 2 n 44.7 11.40 25.50
2% 50 30 it 2 it 54.8 11.67 21.27
*
50 30 p w 55.9 9.27 16.60
3^ 50 30 2 it 25.1 6.41 25.52
50 30 ft 2 it 25.8 5.05 19.60
3% 50 30 tt 2 tt 34.7 12.53 36.10
7>% 50 30 ft nC « 44.6 8.60 19.30
Z% 50 30 tt 2 n 49.6 t o or; 24.65
3% 50 30 « 2 tt 50.0 12.70 25.40
5% 50 30 tt 2 w 32.2 5.07 15.75
5% 50 30 tf 2 tt 33.7 6.50 19.30
5% 50 30 n 2 tt 44.4 3.42 18.97
5% 50 30 it oc it 46.0 12.08 26.25
5% 50 30 tt 2 « 53.5 11.30 21.15
5% 50 30 tt 2 ft 58.0 12.35 22.15
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Hot Aqueous Carbonate Solution.
Two samples of chl oracetophenone were weighed into
200 c.c. glass stoppered bottles, and 50 c.c. of 1% aqueous
solution of sodium carbonate were added. The bottles were
immersed in hot water until the solid melted. Upon cooling,
a turbid solution fomed, which cleared upon acidifying.
The usual determination for chlorine was made. The analysis
showed that the chloraceto phenone had been almost quantita-
tively decomposed.
TABLE 51.
ACTION OJ HOT SODIUM CARBONATE SOLUTION
ON CHLORACETOPHKIIONE.
Mgra.
Chloracetophenone % Decomposition
Taken Found
34.0 33.57 98.7
32.2 31.84 98.9
2. Alcoholic Sodium Carbonate.
The solutions used were 1%, 2$, Z% % and $% sodium
carbonate in 30^ alcohol. The method of handling was the same
as that used in the aqueous solutions except the alcohol was
boiled off in each sample before acidifying with nitric acid.
All of the solutions were turbid after filtering, but on
wanning to evaporate off the alcohol, the turbidity cleared,
up and the solutions turned a pale yellow color. This color
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disappeared when the solutions were acidified with concentra-
ted nitric acid in every case except in the sample weigning
519,2 mgm. This solution remained yellow and turbid, and
therefore did not permit of an accurate determination.
The determinations were all made at the same time
under identical conditions.
TABLE 52
ACTIOS OF ALCOHOLIC SODIUM CARBONATE OB CHL0RACET0PHENONE
.
Na2 C03
Sol,
C.C.
Used.
Time
Snaken
Time
Stand
Mgm.
Taken
Mgm.
jj'ound
%
Decomp
.
I* 50 30 min. ii nr. 29.0 24.50 84.40
1% 50 30 •t it 34.8 27,54 79.20
i ; 50 30 M « 35 31.60 90.20
2% 50 30 •I R 34.7 25.50 73.50
2% 50 30 •l it it 123.3 41.50 33. 65
2% 50 30 It it H 319.2 88.50 27.80
2>% 50 30 M n H 27.6 18.07 65.40
•ze/ 50 30 •I R 36.0 24.80 68.90
2>fo 50 30 R i* II 50.7 37.80 74.60
50 30 It H II 36.2 30.60 84.50
50 30 N H 44.1 27.17 61.60
50 30 il |i H 48.2 38. 65 80.25
The action of al co no lie an d aqueous solutions of
sodium carbonate is no t quantitative but nevertheless very
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appreciable. Sot alcoholic solutions tne decomposition varies
from 60% to c35/£ for trie various concentrations, while for
aqueous solutions it varies from 15$ to 33/<?, or approximately
in the ratio of 3:1.
Action of Cold Water on Chloracetophenone.
To show that the action of aqueous and alcoholic
solutions of sodium carbonate is not one of hydro lysis in the
cold, some experiments were conducted. 50 c.c. of distilled
water were added to samples that were weighed into 2-^-liter
bottles. These bottles were shaken continuously on the shak-
ing wheel for -k- hour, 1 hour and 2 hours. The solution was
filtered at once and titrated with standard silver nitrate
for chlorides by the usual procedure. Ma decomposition had
taken place. Similar samples were prepared and created as
before except that the filtrate was titrated with N/100 so-
dium hydroxide to test tne formation of any hydrochloric acid.
These results were also negative.
D. M.
B. V, has*the empirical formula C-^h^ AsCl, the
structure of this compound has not been definitely determin-
ed so that it has not been named. The structure may be one
of the following: (
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The amount of chlorine present in D.l/I. is so low
tnac a de termina tion of the D. ii. by this metnod is good only
for higher concentrations. Using O.o c.c. of i^/lOO silver
nitrate as the lowest titration tnat can accurately be made,
it is possible to de bemine only 1 part in 15,000 by the hal-
ogen method. By the iodine titration method 1 part in 160,000
may "be determined. For larger amounts of D. If. only, can a
method for the chlorine determination "be used.
Aqueous sodium peroxide, alcoholic sodium sulphite,
aqueous sodium hydroxide and sodium e bhylate solutions with
B.M. always gave yellow solutions upon the addition of con-
centrated nitric acid. The end point was very poor and in-
distinct and it was necessary to use some other method of
decompo si tion.
A satisfactory me the 4 was developed w.aich destroy-
ed the color ana the 0. 11* icself "by means of po uassium per-
manganate. After this decomposition the chlorine was deter-
mined in che usual way. For higher concentrations the metnod
is very accurate.
Solutions:
1. Glacial Acetic Acid.
2. N/10 KHKQ4 (approximately)
3. N/10 H2 C2 4 ( )
4. IT/100 Na CNS
5. N/100 AglT03
6. Cone. HN05 (1.42)
Procedure:
Weigh out a sample of D. If, into a bottle, and add
.a
t
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enough glacial acetic acid to dissolve it. Add an excess of
U/10 KMHO4 shake vigorously and allow to stand for 2-5 noure.
Add 10 c.c. C nc. HNO3 and an excess of h/100 AgUOs . The
nitric acid will prevent any silver oxalate from precipitat-
ing when the oxalic acid is later added. To hasten the re-
duction of the po tassium permanganate and the manganese di-
oxide formed by the action of potassium permanganate on D. U.
,
the solution should be hot when the oxalic acid is added. If
the silver nitrate is not added before treating, some of the
chloride may volatilize as hydro chloric acid. Heat the solu-
tion to boiling and add just enough i^/lO ^C^O^ necessary to
clarify it. 'Sxpel all the acetic acid by boiling. If this
is not done, a reddish yellow color will form when the ferric
alum is later added. This boiling also coagulates the silver
chloride precipitate. When the acetic acid is gone, add 2
c.c. of ferric alum as indicator and titrate the excess sil-
ver nitrate with 1/100 sodium thiocyanate.
A blank determination should be run using the same
amount of solution as ia used in the method. The purity of
the ample used was 84.3^.
1 c.c. of U/100 AgL!C>3 is equivalent to 2.7756 mgm.
of D. LI.
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TABLE 55.
DETERMINATION OF B.y. BY PERMANGANATE METHOD.
Ifgm.
Sample
LIgra
.
D.K.
i'ound •
Pound
%
Decompo-
sition
per
li ter
Cone.
39.0 33.34 85.49 101.41 15.336 107 6 1/929
16.0 13.54 84.60 100.36 5.416 437 1/2289
20 .
7
17, 62 85. 12 100. 97 7. 048 569 1/1760
49.4 41.32 84. 66 100. 43 16.728 1350 1/740
21 . O lb. 62 80 , 41 101 . 32 A A O7 . 448 601 1/1665
34.5 29.50 85.51 101.43 11.800 952 1/1050
25.3 21.47 84.86 100. 67 8.708 703 1/1422
23.5 19.96 84.94 100.76 7.864 635 1/1574
8.2 6.98 85.11 100.96 2.792 225 1/4444
Dichlordime thyl tSther.
Regnaul t^" and Brochet^ found that water, at least
at ordinary temperatures, slowly decomposes dicnlordime thyl
etner giving hydrochloric acid as one of the products of hy-
drolysis, it was found that water appreciably hydrolyzes
dichlordime thyl ether and that tiiis hydrolysis was very nearly
complete. Sodium peroxide decomposes the di chlordimethyl
ether quantitatively.
1. Ann. 54, 31.
2. Brochet. Ann. d. Chem. et phys. (7) 10 (1897)
3. Zb. f. Chem. (1865) 1, 618.
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Diehlordimethyl Ether.
Action of water.
The sample of dichlordimethyl ether was weighed in
a glass bulb. This was placed in a 2-l/2 liter bottle aiid the
later evacuated. The bulb was broken and 5° c.c. of water
drawn in. The bottle was shaken on the snaking wheel for
l/2 hour and allowed to stand over night. The contents of the
bottle were then washed into an Erlenmeyer flask and acidified
with concentrated nitric acid. An excess of standard silver
nitrate was added and tne silver chloride formed was filtered
off and washed. The excess silver nitrate was titrated with
standard sodium thiocyanate using 2 c.c. of ferric alum as the
indicator. A decomposition of 95 .63$, was obtained
.
Action of Aqueous Sodium Peroxide.
The procedure was the same as that given above,
except 50 c . c. of 2$ aqueous sodium peroxide were used in-
stead of water.
TABLE 54.
DETERMINATION OP D ICHLORD IMETHYLETHER WITH SODIUM PEROXIDE.
50 c.c. 24, aqueous sodium peroxide.
Sample No. Dichlordimethvl Ether . Percent Decompo-
Taken Found sit ion.
Gm. Gm.
1. 0.0310 0.0309 99.67
2. 0.0588 0.0^67 99.83
3. 0.0415 0.04144 99. &5
4. 0.0446 0.04505 101.00
5. 0.0414 0.0415 100.2
'
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BENZAL CHLORIDE,
For the analysis and decomposition of benzal chlor-
ide 3> aolutions of aqueous sodium hydroxide, aqueous sodium
peroxide, and alcoholic sodium sulphite were used. The sodium
hydroxide and sodium sulphite method are equally good, but the
sodium hydroxide method is much easier to carry out than the
sodium sulphite method. The sodium peroxide method was un-
satisfactory.
GENERAL PRO CEDLHE
:
A sample of benzal chloride was weighed in sealed
glass bulb. The bulb was placed in a 2-^-liter bottle which
was then evacuated, and the bulb broken. 50.c.c. of the
absorbing solution was introduced. The bottles were shaken
continuously on the shaking wheel for 20 minutes and allov.ed
to stand for one hour. The contents of the bottle were
transferred to an Erlenmeyer flask and the analysis was carried
out according to the Standard ketnods.
TABLE 55.
DETERMINATION Of BENZAL CHLORIDE WITH SODIUM HYDROXIDE.
50 c.c. Z>% aqueous So dium Hydroxide Used.
Gm. Gin. % Mgm. Mgr.:. P.P.Li. #.P.M. Cone. Cone.
Benzal Banzai Decom- per L. per L. Taken Found Taken Found
CI. CI. posi- taken Found
Taken Found tion
0.0900 0.0895 99.4 36.00 55.80 5011 4983 1/200 1/201
0.0181 0.1087 99.4 43.56 43.59 6063 6067 1/165 1/165
0.1387 0.'0394 100.5 53.76 54.00 7483 7516 1/134 1/133
0.0958 0.0945 98.6 39.05 38.52 5435 5362 l/l34 1/187
0.1203 0.1196 99.4 46.61 46.34 6438 6450 1/154 1/155
0.1353 0.1369 101.2 52.35 53.48 7356 7444 1/136 1/134
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TABLE 56.
D2TERMIHXTION 01 BBNZAL CHLORIDE WITH SODIUM SULPHITE.
50 c . c
.
3"
'
alcoholic sodium
used
sulphite solution
Mgm.
mm
Benz.
01.
Taken
Mgm.
Benz.
CI.
Found
^ De-
compo-
s ition
Mgm
.
per
liter
P . P ,M* Concen-
tration
taken
Concen-
tration
found
18.9 18.81 99,5 7.377 1027 1/974 1/979
11.8 11.72 99.3 4.609 642 1/1558 1/1569
16.4 16.22 98.9 6.394 890 1/1124 1/1136
TABL hi 57.
ACTION OF SODIUM P3R0XIDE OH BEN ZAL CHLORIDE.
50 c.c. 3/o Aqueous Sodiuri Peroxide
Vacuum Bo t bl e Lie tho d .
Mgm
.
Mgm. % De- Mgm. P.P.Li. Concen- Concen-
Benz
.
Benz. compo- per tration tration
CI. CI. s i tion liter 4 Taken Found
Taken Found
18.2 16.90 92.9 7.104 1603 1/622 1/669
1 S.8 16.22 96. 5 6. 562 1486 1/673 1/696
19.3 17.56 91.0 7.491 1696 1/590 1/648
50 c. c
. 3% Aqueous Sodiuxa Peroxide - Direct
Me thod.
CC. H/10 AgJ05 used. Gin. Benzal Chloride % Decomposition
Taken
8.24 0.0724 91.60
8.19 0.0681 96.76
5.34 0.0454 94.62
5.95 0.0545 67.84
8.24 0.0752 66.19
5.54 0.0490 90.96
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ANALYSIS OF MIXTUBBS OF GAS C0UCE1ITRATI0H3
.
The advantage gained in using mixtures of various
organic oompoundfl in shell filling made it necessary to do
considerable work in finding accurate methods for the deter-
mination of each compound in such mixtures. The method of
collecting samples depended largely upon the method of analy-
sis to be used. In some cases the properties of the compon-
ents of tne mixture were such that only single samples had to
"be taken. Aliquots of the absorbing solution after decompo-
sition were used for determining the two components, hore
often it was necessary 10 collect duplicate samples, (Photo-
graph _fo. 6) and each bottle was used to de terra ine one of the
constituents. It was necessary to carefully study the chem-
ical reactions of eacn component of the mixture. The absorb-
ing solution which was to be used to decompose one of the gas
es, had to be without action on the other gas present. It
was necessary to determine the effect of various absorbing
solutions by experiment.
The methods developed were the analysis of
1. Chloropicrin and Phosgene by the Sodium carbonate
me tho
d
2. Phosgene and Cyanogen chloride
5. Chloropicrin and Dichlordiethylsulphide
.
Tne metnod for determining Phosgene in tne presence of Chlcro
picrin using Hexamine or Hexame thylene tetramine, in sodium
hydroxide solution was studied and was shown to be inaccurate
unless used as modified.
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PHOSG SNS AND CHLOROPICBIW: EBTBBMIBATIOH OF PHOSG -WIS
BY AS AftlllOUS SODIUM CARB0NAT1 SOLUTION.
The determination of phosgene in the presence of
chloropicrin must he accomplished hy me^ns of some ah sorb en
t
which will quickly decompose the phosgene without having any
effect on the chloropicrin. The experiments conducted with
dilute aqueous solutions of sodium carbonate on chloropicrin
showed that sodium carbonate could he employed in the pres-
ence of chloropicrin without any appreciable effect.
EXPERIMENTAL.
A sample of pure phosgene was obtained by vapor-
izing liquid phosgene over mercury, using an inverted funnel
fitted with a stopcock at the end for this purpose. Samples
for analysis were measured in a burette over mercury. The
samples were drawn from the "burette into evacuated 2-g--liter
bottles. 50 c.c. of 0.57$ sodium carbonate solution were
introduced and tie bottles were shaken for 10 to 15 minutes.
The contents of the hot ties were immediately transferred to
Prlenmeyer flasks and acidified with 5 c.c. concentrated
nitric acid. An excess o^ standard silver nitrate solution
was added and the solution warmed to coagulate the silver
cliloride. The precipitate was filtered off and washed. The
solution was cooled, and the excess 3ilver nitrate was ti-
trated With standard sodium thiocyanate using 2 c.c. of ferric
alum as the indicator.

103
TABLE 58.
DBCOHP0SITI011 OP PHOSGENE WITH 0.5> SODIUM
CARBOJJATB SOLUTION
.
Pho sgene
Tp kpn
Gm.
Phosgene
-L W 04. i 1 M.
Gm.
Percent
0.01100 0.01118 101.6
0.05168 0.05263 101.8
0.04257 0.04333 101.8
0.01736 0.01761 101.4
0.04629 0.04585 99.04
0.06986 0.07008 100.8
0.04671 0.04659 99.75
0.04366 0.03264 99.96
A number of determinations were made of phosgene
in a mixture with chLoropicrin. A weighed bulb of cnloro-
picrin was introduced into the 2-g--liter bottle before evac-
uation. After evacuation the bulb of cnloropicrin was
broken, causing n to vaporize. The phosgene was introduced
from a gas burette as before. 50 c.c. of aqueous solu-
tion of sodium carbonate were added. The bottles were
shaken on the shaking wheel for 20 minutes and allowed to
stand over night. The chloride content was then determined
as above.
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TABUS 59.
PH0SG2NE m PBSSEBG35 OF CHLOROPICRIN.
50 c. c. 0.5;^ Aqueous sodium carbonate.
Pho sgene
corrected
to 0°
7 60 mm.
P.no sgene
Taken
Chloropicrin
Taken
Phosgene
Found
Per cent
Decompo-
sition
as COCl^
8.14 0.0359 0.0338 0.0355 99.88
6.19 0.027 3 0.1446 0.0268 98.17
7.05 0.0311 0.0474 0.0316 101.60
8.43 0.0372 0.0290 0.0363 98.92
7.00 0.0309 . 0.0360 0,0507 99.40
7.51 0.0351 0.0210 0.0335 101.20
8.83 0.0389 0.0345 0.0335 99.00
7.09 0.0313 0.0410 0.0317 101.25
6.95 0.0307 0.0373 0.0302 98.40
7.47 0.0330 0.0324 98.16
7.38 0.0326 0.0325 99.70
7.84 0.0346 0.0347 100.25
9.63 0.0425 0.0417 98.10
8.38 0.0370 0.0378 0.0366 9o.92
The results show that with a dilute solution of
sodium carbonate as the absorbing solution, phosgene can be
quantitatively determined in the presence of cnIoro,.:icrin
.
For the determination of concentrations in the fiela, dupli-
cate samples were collected, the chloride due co phosgene
was determined by the sodium carbonate method in one bottle,
and the total chloride in Uie second bottle by the standard
sodium peroxide or alcoholic sodium sulphite method.
PHOSG^ii! AND ChLOROPICRIU ; Determination of
Phosgene by Hexamine Solution.
A method of analysis of a mixture of phosgene and
chloropicrin is given in Report H-31 Bureau of tfines. This
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me tho d states tha t
:
MA mixture of the two gases is drawn through three
bottles, each containing 300 c.c. of a 2% alcoholic
sodium sulphite solution; and the same amount of the
gas through two "bottles, each containing 300 c.c. of
hexamine solution, [Z% nexamine and 1% SaOH in aque-
ous solution). Tne former absorbs both phosgene and
chloropicrin while tne latter will only absorb pnos-
gene. *
The work conducted on tne action of aqueous solutions of
sodium hydroxide on chloropicrin, snowed conclusively that
even in dilute solutions it has a very appreciable effect on
chloropicn n. Done work was carried ou t to see what effect
the sodium hydroxide used in the hexamine solution has on the
chloropicrin present. jor low concentrations in the field
til is was very important.
EXPERIMENTAL
.
The first experiment carried out was to see whether
hexamine will decompose phosgene as effectively without the
presence of sodium hydroxide as with it. A mixture of phos-
gene in air was used of approximately 1 ; 1 composition; and
also pure phosgene. The samples, "were drawn into evacuated
2-i--liter acid bottles. 50 c.c. of 2% hexamine solution were
used on some samples, and 50 c.c. of 2% hexamine in 1%
sodium hydroxide were used in the other samples. The bottles
were shaken for 10 minutes and allowed to stand two hours.
The results show that hexamine alone is as effective in de-
composing phosgene as when it is used With sodium hydroxide.
After decomposition the contents of each bottle were
transferred to an Hrlenmeyer flask ana acidified with 5 c.c.
concentrated citric acid. An excess of standard silver
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silver nitrate wa-sr added and the solution warmed to coagulate
the silver chloride. The precipitate was filtered off and
washed. The filtrate was cooled and the excess silver nitrate
was titrated with standard sodium thiocyanate solution, using
2 c.c. of ferric alum as the indicator. A blank determina-
tion was made at the same time. In none of the "blank deter-
minations did the formaldehyde formed on boiling, affect the
titration with silver nitrate or sodium thiocyanate.
TABLE 60.
HEXAHIHE OH PHOSGENE WITH AND WITHOUT
HYDROXIDE.
C.C. of Gm. of Gnu of
Air & Gas as Phosgene Percent Sol.
Phosgene Phosgene ffound Phosgene Used
Remarks
.
5. 6
5.76
5.6?
4.49
4.18
7.78
4.49
9.87
7.76
0.0247
0.0166
0.0250
0.0198
0.0182
0.C545
0.0198
0.0456
0.0544
0.0120
0.0082
0.0121
0.0097
0.00855
0.0162
0.00954
0.0428
0.0559
48.40
49.15
48.58
48.90
47.55
47.50
48.15
98.15
98.50
2:;* Hex. Mixture of
air and
Phosgene
II M
N R
H I
Z% Hex.
k 1% NaOH 1
». ii
2% Hex. Liquid Phos
gene
vaporized.
Hex. N
1% NaOH
*f ter determining that hexamine alone gave good
results for the decomposition of phosgene, the method was
tried on a mixture of phosgene and chloropicrin. The phos-
gene alone was determined. Chloropicrin was weighed out in
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bulbs and placed into 2-J--liter acid bottles which were then
evacuated. Pure phosgene was drawn in. The bulb of chloropic-
rin was "broken, and 50 c.c. of 2% hexamine solution was then
added. The bottles were shaken for 10 minutes on the wheel
and allowed to stand 15 hours. The chloride was determined
as described above.
The presence of chloropicrin has no effect on the
accuracy of the determination for phosgene. The concentra-
tion of chloropicrin in one case was eleven times that of
phosgene
,
but the results were still very good •
TABLE 61.
HBXAMIH 5 SOL'UTICil OS PHOSGENE III THE PRESENCE OF C.^ILOROPICRLN
50 c.c. 2>% Hexamine Solution
fcH. : Gra. Phosgene • Hgm. Phosgene • Cone. Phosgene
Chloro-
:
per liter •
picrir: : Taken Pound ; Taken Pound : Taken Found
Taken :
0.2910 0.0269 0.0233 10.44 10.99 l/42^ 1/402
0.0890 0.0219 0.0220 8.76 8.8 1/504 1/502
0.0450 0.0413 0.0416 16.29 16.4 1/271 1/269
0.0564 0.0096 0.0097 3.72 3.77 1/1187 1/1171
0.0750 0.0217 0.0218 8.56 3.6 1/516 1/513
0.1074 0.0227 0.0232 9.08 9.28 1/386 1/47 6
1/4850.0580 0.0255 0.0236 9.07 9.11 1/437
The above work was repeated using 2% hexamine in
a 1% sodium hydroxide solution. The presence of chloropicrin
introduces a large error wnich depends upon the relative
amounts of gases present and increases with the amoun t of
chloropicrin. Hence this solution cannot be used to determine
phosgene in the presence of Cxiloropicrin, and this is
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particularly true if the chloropicrin content is high.
TABLE 62.
HBXAMIIT? IN SODIUM HYDROXIDE ON PHOSGSNB IH
BNCE OF CHLOBOPICRIK
50 c.c. 2> hexamine in lyo Sodium Hydroxide Solution.
Chloro-
picrin
Taken
Gm. Phosgene
Taken Found
hgm.
Phosgene per liter
Taken Found
Concentration C0G1
Taken Found
0.0514 0.0294 0.0561 11.41 14.00 1/587 1/514
0.0354 0.0235 0.0290 9.27 11.44 1/47 6 1/586
0.0284 0. 0250 0.0278 9.02 10.9 1/489 1/405
0.0648 . 0220 0.0280 8.8 11.2 1/502 1/594
0.0422 0.0268 0.0305 10.57 11.95 1/418 1/569
0.0526 0.0233 0.0275 9.55 10.75 1/475 1/409
C.0460 0.0577 0.0450 14.8 16.86 1/298 1/262
0.1064 0.0096 0.0155 5.76 6.08 1/1175 1/726
To snow the action of 2% hexamine and 2% hexamine
in \% sodium hydroxide solutions on chloropicrin, bulb samples
of chloropicrin were placed in 2-^-liter bottles. The bottles
were evacuated and the bulbs broken. 50 c.c. of the 2% hex-
amine in I'p sodium hydroxide were used in some bottles, and
the 2% hexamine solution in the remaining bottles. The bottles
were shaken 50 minutes on the wneel and v>ere allowed zo stand
15 hours. The procedure for chlorides outlined above was
then carried out.
Almost no decomposition took place in the presence
of the 2 :/o hexamine solution alone. When 1% sodium hydroxide
was present, the amount of chloropicrin decomposed was suf-
ficient to introduce a large error in the determination of
piiosgene in tne presence of cnloropicrin by the use of
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hexamine in sodium hydroxide solution. It was found that a
snort period of shaking and standing resulted in considerable
decomposition of chloropicr in . It is recommended for absorp-
tion methods, a3 v/ell as other methods, that hexaraine should
not be used in sodium nydroxide solution for the analysis of
this mi xture
.
TABLE 63.
ACTION OF HBXAMIHE AND HEXAMINE IN SODIUM HYDROXIDE
ON CHL0R0PICRI1T.
50 c.c. Zfo Hexamine or
50 c.c. 2fo Hexamine in V/o Sodium Hydroxide.
i
Gm. Mgm. Chloro-; Concentration
* Chloropicrin ' Chloro-
;
picrin Chloro picrin.
picrin 1 per liter
Solution : Taken Found
p————
—
**-
;
Found
;
Taken Found •
-•—
—
• -
————————
Taken Foun
d
2$ Hexamine
Sc. 1% NaOH 0.0224 0.00135 8.27 8.7 .71 1/845 1/10.556
i 0.0408 0.00335 8.22 16.1 1.32 1/456
1/282
1/5 570
ii 0.0662 0.00399 6.02 26.0 1.56 1/4712
N 0.0290 0.00174 6.02
2% Hexamine 0.2780 0.00057 0.20 107.3 .22 1/685 1/53330
i 0.0330 0.00C17 0.51 13.1 0.066 1/561 1/111100
M 0.0317 0.000115 0.36
N 0.0856 0. 000285 0.33
STANDARD METHOD OF ANALYSIS OF FIELD SAMPLES OF
MIXTURES OF PHOSGENE AND GHL0R0PI0RIJT.
Field samples of mixtures of phosgene and chloro-
picrin are collected in duplicate by means of evacuated
bottles. To one of the bottles ado 50 c.c. of l-g-%' sodium per
oxide solution, which will decompose bo th the phosgene and
chloropicrin. To the second bottle add 50 c.c. of 2% aqueous
solution of Hexamine which will decompose the phosgene. Both
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samples should be shaken hour on the wheel and allowed to
stand for <§• to 1 hour "before continuing with the analysis.
Transfer the concents of the "bottles to Brlenmeyet flasks.
Acidify with 5 c.c. of concentrated nitric acid ana add an
excess of standard silver nitrate solution. Warm to coagulate
the precipitated silver chloride, filter, Wash, and cool.
Titrate excess silver nitrate with standard sodium thiocy-
anate, using 2 c.c. of ferric alum as the indicator. Calcu-
late the silver nitrate used by the sample decomposed by
hexamine, to phosgene
. Deduct chloride due to phosgene from
total chlorides and calculate as chloropi crin.
PHOSGME AND CYANOGEN CHLORIDE.
The determination of a mixture of phosgene and cy-
anogen chloride i3 a difficult problem in both high and low
concentrations. The determination of low gas concentrations
in the field is difficult because the physical and chemical
properties of both substances are somewhat similar. The
reagents which will react with one gas, will in the majority
of cases react with the other.
Phosgene reacts wita aniline to form diphenyl urea,
a compound which is stable in the presence of dilute alkalies,
such as barium hydroxide. Cyanogen chloride reacts with ani-
line to form an addition product known as the hydro chlorate
of melaniline." It was thought that dilute alkali would de-
compose melaniline and experiments were first conducted to
# Jour. Chem. Soc. 1, 285 and 7,, 184.
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determine this.
Duplicate samples of cyanogen chloride were measur-
ed from a gas "burette into evacuated 2-§--liter bottles. 25
c.c. of a b% solution of pure aniline in dry benzene were
added to one bottle and it was vigorously shaken and allowed
to stand until the production of melaniline was complete.
Both bottles were then treated with an excess of N/50 barium
hydroxide solution, shaken, and allowed to stand bill com-
plete decomposition had been effected. The excess alkali was
titrated with N/50 nitric acid and the amount of barium hy-
droxide used up in each case was calculated and found to be
the same. N/50 barium hydroxide therefore, decomposes
melaniline quantitatively. This difference in the properties
of phosgene and cyanogen chloride is made the basis of the
method employed for analyzing a mixture of the two.
If duplicate samples of a mixture of phosgene and
cyanogen chloride are taken, and to one bottle a solution of
aniline in benzene is added, and both bottles are then treated
with an excess N/50 barium hydroxide, the difference in the
amount of barium hydroxide used up will represent that part
of the phosgene which is held in combination as dephenyl urea.
This difference in titration is equivalent to one CO^
group from phosgene, and consequently one molecule of barium
hydroxide is equivalent to one molecule of phosgene*
(1) C0cl2 -|- 2C 6H5NH2 = CO(NHC6Ha ) -f- 2HC1
(2) 2HC1 + 3a(0H)„ = Ba01 o * 2H„0
(3) OOC12 ± 2Ba(0H) 2 = BaCOj # BaClg * 2H2
>*
p
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(4) C0C12 t H2 - COg -h 2 HC1
(5) C02 f- ZSOl-t 2Ba(0H) 2 = BaCOj -t BaCl^ 3H2
(6) CNC1 -t 2C6H5im2 =r C12H13 (CN) NgHCl
(7) 2C1T CI i- 2Ba(0H) 2 = BaCl2 -f- Ba(CN02 ) + 2H2
To arrive at this result, subtract equation nunber
(2) from equation number (5).
Equation No. 3 indicates the formation of "barium
carbonate when phosgene is treated with barium hydroxide.
As the excess of barium hydroxide must be titrated with stan-
dard nitric acid it would be necessary to either filter off
the barium carbonate precipitate or else make up to volume
and allow it to settle, if it interfered in the titration.
The effect of barium carbonate on the titration of
N/50 barium hydroxide with N/50 nitric acid, using phenolph-
thalein as the indicator, was determined by preparing some
chemically pure barium carbonate. Some of the pure barium
carbonate wa3 added to 25 c.c. of N/50 barium hydroxide in an
^rlemieyer flask. 25 c.c. of the N/50 barium hydroxide alone
was added to a second flask. The titration was carried out
to a colorless end point in both case3. As was expected the
results were the same, the color change with phenolphthalein
being on the alkaline side, there was no free acid present
to react with the carbonate until the excess alkali had been
used up and the end point was passed. The fact that the
excess barium hydroxide can be satisfactorily titrated in
the presence of barium carbonate made it possible to perform
the titration with the nitric acid in the same bottles in
which the gas samples were collected and decomposed.
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A known mixture of phosgene and cyanogen chloride
was prepared by filling thick walled glass bulbs with the
liquified compounds. The bulbs were weighed before and after
filling. The bulbs were introduced into a 20-liter bottle,
the bottle was partially evacuated. The bulbs were broken
and the bottle was allowed to stand for 16 hours. The stop-
cock of the bottle was then opened and filled with air, and
allowed to stand six hours before using; (the room was kept
at constant temperature). The cyanogen chloride contained
b% hydrocyanic acid which did not interfere with the deter-
mination in any way.
The following method was used: A duplicate sample
was introduced into evacuated 2-^-liter bottles. To one bottle
25c. c, of b% aniline in dry benzene was added, and the bottle
shaken for 15 minutes, and allowed to stand for hour. An
excess of ^/50 barium hydroxide was then added to each
bottle, using phenolphthalein as the indicator. The bottles
were shaken 15 minutes and allowed to stand over night.
The excess alkali was then titrated with /50 barium hydrox-
ide used in the two bottles was calculated as phosgene. The
contents of the bottle to which only barium hydroxide had
been added was then used to determine the total chlorides.
The solution was acidified with nitric acid, and boiled to
destroy the cyanic acid. An excess of standard silver ni-
trate was then added and the silver chloride was coagulated,
filtered off and washed. The excess silver nitrate was
titrated with standard sodium thiocyanate using 5 c.c. of
ferric alum as the indicator. The amount of chloride due
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to phosgene was subtracted from the total chloride, and the
difference was calculated to cyanogen chloride.
TABLE 64.
Mgm. cyan- Mgm. Phos- Mgm. Cyanogen Mgm. % Recovered,
ogen Chlor- gene Chloride Phosgene Cyan. Phos.
ide Taken Taken Found Found
No.
1 14.97 14.79 14.14 15.65 94.5 103.0
2 13.98 13.73 13.77 13.96 98.4 101.6
Item, per Liter Parts per Million Cone.
1 5.98 5.87 2180 1330 1-458 1-753
2 5.58 5.51 2035 1248 1-490 1-8C0
The results for concentrations containing 1 part
of cyanogen chloride in 500, and phosgene 1 part in 800 are
very satisfactory. As the limits of the method depend upon
the determination of the phosgene, lower concentrations of
phosgene in the mixture were used. At a concentration of 1
part in 1500 of phosgene the determination of phosgene ceases
to he accurate and the percent of phosgene found drops con-
siderably.
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TABL3 65.
Mgm
. Cyan-
ogen chlor-
Taken
Mgm. Phos-
gene
Taken
Mgm
.
Cyan-
ogen Chlor
ide Found
Mgm. Phosgene % Recovered
Found Cyan. Phos
No.
1 18.55 7. 47 16. 23 8.02 87.5 107.2
2 13.40 5.40 14.38 4.17 107.0 77.2
3 12.10 3.88 14.63 1.75 121,2 35.8
Mgm
.
per Li ber Parts per Million Concentration
1 7.42 2. 98 2700 675 1/370 1/1480
2 5.36 2.16 1950 488 1/512 1/2050
3 4.83 1.96 1760 443 1/568 1/2250
CHL0R0PICRIN AH ID DICHL0RDI3THYL SULPHIDE.
The "basis for a met/iod of determining chloropicrin
and dichlordiethyl sulphide depends on the fact that sodium
peroxide quantitatively decomposes "both, while silver nitrate
will decompose only the dichlordiethyl sulphide. The total
chlorides are determined in one sample, and the chloride due
to dichlordiethyl sulphide is so low that the highest possible
concentration at 25° C. is only about 1 part in 14,000. Its
persistency, however, is much greater than that of chloropic-
rin. Evacuated 2-^-liter bottles were used. The L.P.G. Vacuum
bottle which has no rubber stepper was used for the silver
nitrate determination of the dichlordiethyl sulphide to avoid
the loss of any silver nitrate. The use of 500 c.c. glass
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stoppered bottle 3 would "be very satisfactory for the direct
analysis of the mixture.
EXPERIMENTAL.
( A) Sodium Peroxide Method
.
Glass bulbs of chloropicr in and dichlo rdi ethyl sul-
phide were placed in a 2-§--liter acid bottle. The bottle was
then evacuated, and the bulbs broken by shaking. 50 c.c. of
2% aqueous sodium peroxide solution were then drawn in. The
bottles were shaken on the wheel for hour and allowed to
3tand over night. The contents of the bottle were trans-
ferred to an Brlenmeyer flask and acidified with 7 c.c. of
concentrated nitric acid. An excess of standard silver ni-
trate was then added and the precipitated silver chloride
was coagulated, filtered and washed. The filtrate was cooled,
and the excess silver nitrate was titrated with standard
sodium thiocyanate using 2 c.c. of ferric alum as the indi-
cator.
TABUS 66.
DETERMINATION OF TOTAL CHLORIC IN CHL0R0PICRIN AND DI-
CHLORDIET fIYL SULPHIDE MIXTURE WITH Z% SODIUM P'IROXIDE.
Gms. Gms. % Mixture % Total Ratio
CCI3NO2 Cl2C4Ha S CCI3NO2 ClpC4H8 S CI. Pound CCL3N02 ClgC^^Taken Taken *
0.0251 0.0238 51.33 48.67 99.76 1 - 1
0.0274 0.0263 51.02 48.98 99.82 1 - 1
0.0207 0.0227 47.70 52.30 99.36 1 - ii
0.017 0.0251 40.38 59.62 98.96 1 -ii
0.0142 0.0170 45.51 54.49 98.82 1 - 1
0.0577 0.0473 54.95 45.05 99.21 H - 1
0.0217 0.0174 55.49 44.51 99.05 H - 1
0.0205 0.0215 51.19 48.81 99.20 1 - 1
0.0351 0.0392 47.24 52.76 98.96 1 - I
0.0115 0.0120 48.93 51.07 99.17 1 - 1
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(b.) V10 SILVER NITRATE METHOD IS L.P.G. VACUUM BOTTLE.
The tip of the L.P.G. Vacuum "bottle was cut off so
that weighed bulbs of chloropicrin and dichlordiethyl sulphide
could be inserted. The tips were then sealed on and a piece
of rubber tubing fitted with a clamp inserted on the top.
The bottle was evacuated and the bulbs broken by shaking.
An excess of approximately 100% of standard silver nitrate was
then drawn into the bottle. The bottle was shaken for 15 -
20 minutes and allowed to stand over night. The contents of
the bottle were transferred to an Brlenmeyer flask and 7 c.c.
of concentrated nitric acid were added. The precipitate of
silver chloride was coagulated, filtered, and washed. The
filtrate was cooled, and the excess silver nitrate was titrat-
ed with standard sodium thiocyanate solution using 2 c.c. of
ferric alum as the indicator.
The following results were obtained for dichlordi-
ethyl sulphide:
TABLE 67.
DETERMINATION OF DICHLORDIETHYL SULPHIDE
CHLOROPICRIN MIXTURE.
Time Standing - 12 hours.
Gms. : Gm8. : % fixture ; % : Cone. : Ratio
CCl3N02 :Sl2 C4HaS:CCl3N02 :Cl2C4H8S:ClQC4H3S: CI2C4H0S : CC1 3N02 : CI2C4
: :
•
Found ; T'kn. Irnd;
0.0380 0.0156 70.90 29.10 100.10 1/1150 1/1150 1-3
0.0323 0.0338 48.86 51.14 98.29 1/526 1/550 1-1
0.0505 0.0518 76.17 23.33 100.25 1/1120 1/1120 3-1
0.0200 0.0239 45.56 54.44 99.08 1/733 1/757 1 -1-1/5
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A differential method of analysis of a mixture of
chloropicrin and dichlordi ethyl sulphide has been used with
quantitative results. Varying the percent of either compon-
ent of the mixture does not affect the results at all. De-
composition takes place in the cold and the analysis may be
very easily carried out.
SUMMARY.
The problem of determining low concentrations of
organic compounds under field conditions was solved by care-
fully studying the reactions of each compound and developing
methods of analysis from the results obtained.
The so divan peroxide and sodium amalgam methods for
determining chloropicrin were developed and compared with
the sodium sulphite method. These methods were used for
determining low concentrations of chloropicrin. The use of
dilute solutions of sodium peroxide in organic analysis was
introduced in the analysis of chloropicrin concentrations.
The sodium peroxide gave excellent results in the hands of
different observers. Dilute solutions of sodium peroxide were
used with good results. The action of aqueous and alcoholic
solutions of sodium hydroxide and sodium carbonate on chloro-
picrin was carefully studied. Alcoholic sodium hydroxide
will decompose about 66% of the chloropicrin, whereas the
alcoholic sodium carbonate decomposes about 55% of the chloro-
picrin.
Brombenzyl cyanide was determined in low concentra-
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tions, by the alcoholic sodium hydroxide, aqueous sodium
peroxide, and sodium ethylate methods. The action of sodium
sulphite was not quantitative.
Dichlordiethyl sulphide was determined by the aqueous
sodium peroxide and standard silver nitrate methods. Quanti-
tative results were not obtained in the cold by using sodium
hydroxide or sodium sulphite. Sodium thiosulphate will de-
compose dichlordi ethyl sulphide quantitatively.
The sodium peroxide, sodium hydroxide, silver ni-
trate, and sodium sulphite methods gave accurate results in
the analysis of trichlo rmethyl chloro formate concentrations.
The ease with which the sodium peroxide method could be
carried out, made it the desirable method to use.
Chlorecetophenone was accurately determined by
using the sodium peroxide and sodium hydroxide methods of
analysis. The sodium sulphite method was unsatisfactory.
The action of aqueous and alcoholic solutions of sodium car-
bonate in the cold on cMoracetophenone was carefully studied.
Aqueous solutions when heated will decompose chlorace tophenone
.
D. M. cannot be determined by the action of sodium
peroxide, sodium nydroxide, or sodium sulphite, with the sub-
sequent determination of the chloride by the Vohlhard method,
due to the formation of a colored compound. A method for the
determination of D. M. was developed by decomposing it with
potassium permanganate.
Dichlor dimethyl ether was readily determined by
means of the aqueous sodium peroxide method.

120
Benzal chloride was determined wi tfa the sodium
hydroxide and sodium sulphite methods. The sodium peroxide
method did not give quantitative results.
Mixtures of phosgene and chloropicrin were analyzed
by methods that were thoroughly studied to note any limita-
tions. It was shown that the hexamine in sodium hydroxide
not only decomposes the phosgene but appreciably attacks the
chloropicrin. This method was accordingly modified. A meth-
od for analyzing a cyanogen chloride and phosgene mixture was
developed which gives accurate results for the higher gas
concentrations. Methods of analysis of chloropicrin and di-
chlordiethylsulphide; chloropicrin and trichlormethylchloro-
formate mixtures were worked out and shown to be accurate.

II. SODIUM PjSROXIDM AS A
REAGENT IH m I CROCHEMICAL ANALYSIS.
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The oxidation of chloropicrin "by aqueous solutions
of sodium peroxide gives sodium chloride and sodium nitrate
as part of the products of oxidation. The determination of
the sodium nitrate formed is the basis of a colorimetric me-
thod for the determination of chloropi crin. The colorimetric
methodiB as accurate as the volumetric methods used for the
determination of chloropicrin, and may be applied in low con-
centrations where volumetric methods cannot be U3ed.
It was necessary to modify the outlined phenoldi-
sulphonic acid methods for the determinations of nitrates,
to make this method applicable for the analysis of low con-
centrations of chloropicrin. In the first experiments that
were carried out, strong solutions of sodium peroxide were
used to decompose the chloropicrin. The weighed bulbs of
chloropicrin were placed into 2-^-liter bottles which were
tii en evacuated. The sodium peroxide solution was drawn in
as in the Vacuum Bottle method, and the bottles were thorough-
ly shaken. The decomposition mixture was transferred to
volumetric flasks and made up to volume, and aliquots con-
taining 0.01 - 0.02 mgm. of nitrogen were pipetted off and
evaporated to dryness on the water bath. The residue was
incorporated with 2 cubic centimeters of phenol di-sulphonic
acid and washed into a Nessler tube. The solution was made
strongly alkaline with ammonium hydroxide and made up to a
volume o f 50 cubic centimeters. A standard was prepared in

122
the same manner, using a standard solution of sodium nitrate
containing 0.01 mgm. of nitrogen per cubic centimeter.
No color was obtained using the above procedure.
It was found that the residue obtained on evaporating the ali-
quot of the decomposition solution was so strongly alkaline
that it completely neutralized the 2 c.c. of phenol di-sulphon-
ic acid, and therefore nitration could not take place. To
overcome this difficulty, the aliquot solutions were almost
neutralized with sulphuric acid (l:l) before evaporation.
The results obtained in using this procedure were not quan-
titative.
The interference of chlorides in this method is
well established in the literature. It is stated, however,
in some of the standard methods that removal of chlorides
may be omitted if the sample contains less than 30 parts per
million. Chlorides a.re present, due to the decomposition
of the chlo ropier in and from the chemicals used in the de-
termination. The presence of 30 parts per million of chlorine
is equivalent to 50 milligrams of chloropicrin; Quantitative
results could not be obtained without removing all the chlor-
ide, even when present in very small amounts. The addition
of ammoniacal silver sulphate to combine with the chlorides
present improved the results somewhat but did not make them
quantitative.
An aqueous solution of silver sulphate was added
to the decomposition mixture after making it slightly acid
with 1:1 sulphuric acid. The silver chloride was filtered
off and the filtrate was made slightly alkaline with 25%
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sodiuin hydroxide solution. The silver oxide formed was fil-
tered off, and the filtrate made up to definite volume. Ali-
quot portions v/ere evaporated to dryness and the residue in-
corporated with 2 c.c. of phenol di-sulphonic acid and washed
into a Hessler tube. After making the solution alkaline with
amoniuri hydroxide and diluting i t to a volume of 50 c.c, it
was compared with a standard prepared from sodium nitrate.
The results obtained were quantitative.
When the concentrations of chloropicrin to be de-
termined were very low, it was necessary to evaporate large
aliquots to obtain a reading. The residue was too large to
incorporate with 2 c.c. of phenol di-sulphonic acid due to
the strong solutions of sodium peroxide used. Further exper-
iments showed that low concentrations of sodium peroxide
might be used to decompose chloropicrin. When the lower
concentrations of chloropicrin were used, there was no fur-
ther trouble with a residue, that could not be easily incor-
porated with 2 c.c. of phenol di-sulphonic acid.
Kg dif ied Phenyl Di-sulphonic Acid Method .
Solutions required.
1. Phenol di-sulphonic acid.*
Dissolve 25 grams of pure white phenol in
150 c.c. of pure concentrated sulphuric acid, add 75 c.c. of
fuming sulphuric acid (15 per cent SO,), stir well, and heat
for two hours at about 100 C.
2. Standard silver sulphate solution.
1. D.S. Pratt. Jour. Am. Chem. Soc. Aug. 1909, Mar. 1910,
Mar. 1911.
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Dissolve 4.4 grams of silver sulphate, free
from nitrate, in 1 liter of water. One c.c. of this solu-
tion is equal to 1 mgm. of chloride.
3. Sulphiric Acid 1:1
4. Sodium Hydroxide 25$
5. Ammonium Hydroxide (sp. gr. 0,9)
6. Standard Nitrate Solution.
Dissolve 0.7217 gram of KU03 or 0.6068 gram
of NaUOj in one liter of distilled water; after making up to
volume and thoroughly shaking, 10 c.c. are pipetted off, plac-
ed in a 100 c.c. volumetric flask and diluted to volume.
One c.c. of this solution is then equivalent to
0.01 milligram of nitrogen. If desired ©.6151 gram of KNO^
or 0.5171 gram of Na NO^ may he dissolved in one liter of
distilled water. 10 c.c. are taen pipetted off, added to a
100 c.c. volumetric flask, and made up to volume. One c.c.
of tnis solution is equivalent to 0.1 milligram of chlo ro-
pier in directly.
Procedure
.
The contents of the "bottle in which the decompo-
sition has been carried out are transferred to a beaker and
the bottle is carefully washed. The contents of the beaker
are made very slightly acid with the 1;1 sulphuric acid, using
litmus paper as the indicator. The sulphuric acid should be
added from a burette, as a few drops in excess will require
the addition of more sodium hydroxide for neutralization.
This not only increases the volume of solution to be
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evaporated, "but increases the amount of residue that must be
incorporated with the 2 c.c. of phenol di-eulphonic acid.
The "beaker is placed on a steam bath and brought
almost to boiling. The solution diould not be allowed to boil
as i t might result in the loss of nitration as nitric acid.
Enough silver sulphate solution is added to precipitate all
the chlorides and about 5 c.c. in excess. The silver chlor^
ide is coagulated and removed by filtration. Chloride free
paper should be used, and it is always desirable to first
wash the paper with distilled water before using it for fil-
tration. Wash the precipitate.
The filtrate and washings are cooled and made very
slightly alkaline with the sodium hydroxide solution, added
from a burette, using litmus paper as the indicator. The
solution is boiled to coagulate the precipitate and decrease
the volume. After cooling, the precipitate of silver oxide
is filtered off and the filtrate is caught in a volumetric
flask of proper capacity. The wolution must be cooled before
filtering because the solubility of silver oxide is greater
in hot solutions than in cold. Accordingly, contamination
of silver oxide is met with when the solution is filtered
in tne cold. Often the silver oxide passes thru the paper
in a semi- colloidal condition, but this was prevented by
keeping the funnel well filled during filtration and by U3ing
a small amount of sodium hydroxide in the wash water.
The solution in the volumetric flask is diluted
to volume and thoroughly shaken. An aliquot or entire contents
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(depending on the amount of chloropicrin decomposed) of the
flask are pipetted off and added to a porcelain evaporating
dish. The liquid is evaporated to dryness on the steam bath.
After cooling, exactly 2 c. c. of the phenol di-sulphonic acid
are added to the residue from a calibrated pipette. The re-
sidue and reagent are thoroughly incorporated, using a glass
rod. If the residue is compact, the solution of the residue
may be aided by placing the dish on the steam bath and rubbing
constantly with a glass rod. In no case should the dish be
left on the water bath longer than two minutes. It was ob-
served that longer warming introduced considerable errors.
Cool the residue if it has been warmed, and wash
the contents of the dish into a Nessler tube. The solution
is diluted to 40 c.c. with distilled water and made up to the
50 c.c. mark with concentrated ammonium hydroxide. The
cylinder is shaken and the contents of the tube are filtered
and compared in a colorimeter with a standard color.
BLANK
.
A blank determination must be made on the mater-
ials used in the determination itself. The nitrogen content
of the reagents is especially important when the concentra-
tion of culoropicrin is very low. Nitrate-free reagents
should be used as much as possible. The same quantity of
sodium peroxide solution as is used in the determination is
measured into an .Srlenmeyer flask. The same amount of sul-
phuric acid and silver sulphate are added. The silver
chloride is filtered off, the same amount of sodium hydroxide
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is added, and the silver oxide formed is filtered off. The
filtrate is caught in an evaporating dish, and the total fil-
trate evaporated to dryness and the residue treated as in the
procedure. The smaller the amount of chloropicrin, the great-
er effect the blank will have on the de termination. It is
suggested that for low concentrations of chloropicrin, the
same aliquot of a "blank solution be evaporated to dryness
as is evaporated in the determination itself.
PRKPARATIOU OF STANDARD COLORS
.
The standard colors are prepared from the standard
nitrate solution. If a standard which should represent 0.02
milligrams of nitrogen is desired, 2 c.c. of the standard
nitrate solution (1 c.c. * .01 mgm. of nitrogen) are pipetted
off, placed in a clean evaporating dish and evaporated to
dryness. After cooling, exactly 2 c.c. of phenol di-sulphonic
acid are added from a pipette, and the residue is very
thoroughly incorporated with the acid, without warming if
possible, but in no case should the warming be continued over
two minutes. After cooling, the reaction mixture is washed
into a 50 c.c. Nessler or specimen tube, made up to 40 c.c.
with distilled water, and filled to the mark with the ammon-
ium hydroxide solution. The tube is then well shaken, filter-
ed, and compared in a colorimeter with the unknown solution
similarly treated. Standards prepared in this way are not
permanent standards, but should be made up fresh for each
series of determinations.
/
iSxperim ental
.
A saturated solution of sodium peroxide was first
used for the decomposition of chloropicrin for the nitrate
determination. Weighed bul"bs of chloropicrin were placed
into 2-^-liter "bottles which were then evacuated, and 50 c.c.
of the sodium peroxide solution were drawn in. The bottles
were shaken and allowed to stand for the indicated length of
time. The results obtained are given in the following table.
Under the colum "remarks", it is noted that in some
cases no colorimeter was used. The colorim etric comparison
was made by merely putting the two tubes next to each other
and looking toward the light through the column of liquid,
taking care to reverse the positions of the tubes. This
method of comparison, while not absolutely accurate, (as the
results obtained with a Duboscq colorimeter) yet gives a
very good color comparison.
In the colum "remarks" it is also seen that in
some of the solutions all of the chlorides were removed at
once, and in others the chlorides were removed from the en-
tire decomposition mixture at one time, so that when aliquots
were taken it was merely necessary to evaporate them to dry-
ness. In the second case, 10 c.c. (or whatever the aliquot
might be) was pipetted out of the volumetric flask containing
the decomposition mixture. The alkalinity of this amount
was determined by ti tration of an exactly equal amount of
solution in a small beaker, using approximate N/lO sulphuric
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acid, with phenol sulphone phthalein as the indicator. This
amount of acid was then added to the original aliquot, plus
a very slight excess, and the silver sulpnate was added. The
solution was evaporated to dryness at this point when aramon-
iacal silver sulphate was used, but when aqueous silver sul-
phate was added, the silver chloride filtered off. The
solution was made alkaline with Zb% sodium hydroxide, the
silver oxide filtered off and the filtrate evaporated to dry-
ness. All of the necessary quantitative precautions were
taken, such as careful washing of precipitates, etc. The
method was thus carried to completion.
There is no difference in the results obtained by
removing all the chloride from the decomposition mixture or
from aliquot portions. It is more rapid and much more con-
venient to remove all of the chlorides at once, altho the
accuracy was found to be the same. (Table No. 68).
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TABLE 68.
DETERMINATION Off CHLOROPICRIH BY NITRATE METHOD.
SODIUM PEROXIDE ABSORBING SOLUTION. 50 c.c. of Solution Used.
SATURATED SOLUTION (26 grams per 100 c.c).
Gms. Gms. % De- Mgm.
Chloro- Chloro- compo- per
picrin picrin si- Liter
Taken ffound tion
0.088
P. P.M. Cone. Cone. Time
Taken Found of Remarks
Stand-
ins
0.0158 0.01582 100.1 6.32 861 1/1160 1/1160 Over Duboscq
night Chlorine
all out
at once
0.0173 0.0173 100.0 6.92 942 1/1057 1/1057
0.0179 0.0179 100.0 7,16 975
0.0216 0.0216 100.0 3.64 1175
0.0310 0.0310 100.0 12.4 1689
1/1028 1/1028
1/853 1/853 2 hr.
1/592 1/592 2
No col-
orimeter
Chlorine
all out
at once
ti
0.0091 0.09018 99.1 3.64 496
No col-
orimeter
Chlorine
removed
from 10 c
1/2015 1/2034 Over Duboscq
night Chlorine
all out
at once
0.08736 99.27 35.4 4823 1/207 1/210 Duboscq
Chlorine
removed
from 3 cc
The accuracy of the procedure was checked "by nine
observers as follows:
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^ach man weighed out a glass bulb of cbloropicrin
and placed the bulb into a 2-^-liter bottle. The bottle was
evacuated and 50 c.c. of 20?o sodium peroxide were drawn in.
^ach observer made an analysis on an aliquot of his own so-
lution, and then made a determination on an aliquot of every
other man's solution as an unknown. iCach observer know the
nitrogen content of none of the solutions but his own.
The readings were all made on a Duboscq - Leitz
colorimeter, and were carefully cnecked. (Table 69).
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The sodium peroxide concentration was then reduced
to 7$, 5$ and 3.75%. The vacuum bottle method of decompo-
sition was used. (Table 70).
TABLE 70.
SODIUM PSROXIDE ABSORBING SOLUTION 50 c.c. of Solution
SOLUTIONS Off VARIOUS CONCENTRATIONS. used.
Gm8. Gms, Per Mgm. Parts
Chloro- Chloro- Cent Chloro- per Cone. Cone. % Na2 2picrin picrin Decorapo- picrin Mill- Taken Found
Taken Found si tion »er L. ion Used
0.0173 0.01735 100.27 6.92 942 1/1060 1/1063 7
0.0192 0.01884 98.13 7.68 1046 1/955 1/973 7
0.0161 0.0163 101.24 6.44 877 1/1140 1/1125 5
0.0153 0.0154 100.65 6.12 833 1/1200 1/1200 5
0.0110 0.0107 98.3 5.5 599 1/1668 1/1772 3.75
0.0279 0.0270 100.3 10.7 1458 1/685 1/685 5
The concentration of sodium peroxi de was decireased
to .&% and 0.25$. 50 c.c. of the solution were used for
the analysis in the Vacuum Bottle method (Table 71).
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TABUS 71.
SODIUM P.HJROXI333 ABSORBING SOLUTION 50 cc.0.5# Sodium peroxide
solution.
We ight We ight % Mgm. Parta
Chloro- Chloro- De- Chloro- per Cone. Cone.
picrin picrin comp. picrin Million Taken Pound
Taken Found per liter
Gm. Gm.
0.009 0.00907 100.6 3.8 490 1/2043 1/2027
0.0136 0.01353 99.5 5.44 741 1/1351 1/1359
SODIUM PEROXIDE ABSORBING SOLUTION 50 c.c. 0.25$ Sodium
Peroxide Solution.
Gm. Gm. % Mgm, Parts
Chloro- Chloro- Beeompo- Chloro- per
Ifcicrin picrin sition picrin Mil-
Taken Found per L, .l ion.
Cone. Cone. Remarks
Taken Found
0.0143 0.01413 99.5 5.92 307 1/1239 1/1298 Shaken
1 hr.
con-
s tantly
0.0134 0.01331 99.1 5.36 730 1/1370 1/1380 Shaken
1 hr.
Stood
over
night
Shaken
30 min.
stood
30 min.
Shaken
30 min.
stood
over
night
0.0181 0.01763 97.4 7.14 973 1/1023 1/1053 Shaken
25 min.
Stood
over night
0.0119 0.01007 99.54 4.76 649 1/1541 1/1550 Shaken
30 min.
stood
over night
0.0174 0.0179 104.6 6.96 948 1/1055 1/1010
0.0255 0.0235 93.8 10.2 1390 1/719 1/766

135
The phenol di-sulphonic acid as modified, was appli
ed to low gas concentrations of chloro picrin. The samples
of chloropicrin were drawn into a "burette over mercury from
a gas chamber containing a known concentration of chloropic-
rin. After measuring the volume of gas, the sample wa3 trans
ferred to evacuated 2-£--liter bottles. 50 c.c. of the sodium
peroxide solution (usually \% to were then drawn into
the bo t tie.
The bottle was shaken continuously for hour and
allowed to stand over night and analyzed according to the
procedure outlined. The results (Table 72) show that con-
centrations as low as 1 part in 150,000 can be determined
accurately and 1 part in 200,000 can be determined with a
fair degree of accuracy.

TABLE 72. 136
PHENOL DI-SULPUONIC ACID DETERMINATION OP LOW CONGENTRATIONS
OF CHLOROPICRIN
Mgm Mgm. Mgm. Mgm. Parts Concon- Concen- %
Chloro- Chloro- Nitro- Chloro- per tration tration Decom- NagO;
picrin picrin gen picrin Mil- Taken Found position used
Taken Found Taken ner lion
Liter
2.862
2.345
2.224
2.148
1.779
1.656
1.024
0.9782
0.9518
0.958
0.9304
0.8756
0.7959
0.7692
0.7532
0.6639
0.5997
0.5289
0.445
0.407
&.3754
0.3676
0.365
0.3538
0.346
0.3359
. 328
0.3283
0.3267
0.3119
0.2613
2.924
2.291
2.165
2.064
1.779
1.657
1.022
0.9362
0.9915
0.97
0.999
0.92
0.8308
0.8155
0.7542
0.6692
0.6232
0.554
0.4498
0.3959
0.3686
0.3538
0.3768
0.3694
0.3626
0.318
0.334
0.3261
0.3268
0.3252
0.2533
0.243
0.1988
0.1895
0.183
0.1533
0.141
0.0872
0.0833
0.0816
0.0799
0.0792
0.0746
0.0678
0.0655
0.0641
0.0565
0.O511
0.045
0.0379
0.0346
0.0319
0.0313
0.0311
0.0301
0.0294
0.0285
0.0278
0.0279
0.0276
0.0265
0.0222
1 . 145
0.938
0.8398
0.8594
0.7196
0.662
0.4096
0.3912
0.3831
0.3753
0.372
0.3503
0.3183
0.3077
0.3012
0.2656
0.2393
0.211
0.173
0.162
0.1502
0.147
0.146
0.1415
0.133
0.1344
0.131
0.131
0.1306
0.1243
0.104
155.7
127.5
121.0
116.3
97.8
89.1
55.7
53.2
52.1
51.0
50.6
47.6
43.1
41.6
40.9
36.1
32.6
23.6
24.2
22.1
20.5
20.3
19.8
19.2
18.7
13.3
17.8
17.8
17.6
16.4
14.2
1/6450
1/7374
1/8330
1/3620
1/10300
1/11230
1/18000
1/13800
1/19200
1/19600
1/19800
1/21480
1/23200
1/24000
1/25000
1/27700
1/31200
1/34900
1/41600
1/45400
1/48800
1/50000
1/50500
1/52000
1/53000
1/54600
1/56000
1/56000
1/56300
1/60900
1/71300
1/6320
1/8300
1/3540
1/3920
1/10400
l/lllOO
1/13000
1/13300
1/18800
1/19230
1/18500
1/20000
1/22200
1/22600
1/25000
1/27700
1/30300
1/33300
1/41100
1/46200
1/49500
1/51500
1/50500
1/49800
1/50600
1/58100
1/55500
1/56270
1/58000
1/56200
1/72000
102.1
97.3
97.3
96.2
98.9
100.0
99.8
100.1
103.5
103.4
107.4
105.0
104.3
106.0
100.1
100.8
103.9
104.6
101.1
97.0
98.5
97.0
103.2
104.4
104.3
97.4
102.0
101.17
96.9
104.2
97.0
6
5
6
6
1/2
5
2
1/2
1/2
5
1/2
6
3
3
3
1/2
1/2
5
1/2
1/4
1/2
1/4
1/4
1/4
1/4
1/4
1/4
1/4
1/4
1/4
1/4

TABLS 72 (cont'd).
PHENOL DI-SULPHONIC ACID DETERMINATION OF LOW CONCENTRATIONS
OF CHLOROPICRIN
( Cont'd)
Mgm. Mgra. Mgm.
Chloro- Chloro- Nitro-
picrin picrin gen
Taken Found Taken
Mgm.
Chloro-
picrin
per
Liter
Parts Concen-
• per tration
Mil- Taken
lion
Concen-
tration Decora-
Found position
—
3
—
Na 2 2
used
0.2387 . 2408 0.0203
0.241 .242 0.0205
. 2248 .2367 0.019
0.2207 .2337 0.0186
0.210 .2038 0.0178
0.2042 .194 0.0174
. 1898 .1854 0.0161
0.1936 .1986 0.0169
0.1834 0.1677 0.0154
0.1756 .1367 0.1496
0.1721 .1724 0.0146
0.1679 .1690 0.0142
0.1607 . 1473 0.0136
0.1606 .1596 0.0154
0.1572 .1636 0.0135
0.1493 .1467 0.0123
0.1497 .1525 0.0126
0.1274 .1219 0.0103
0.1267 0.1216 0.0107
0.1014 .0985 0.0086
0.0952 .1126 0.0081
0.0933 .0953 0.0079
0.0918 .1079 0.0078
0.091 .0947 0.0077
0.0872 .0875 0.0074
0.0792 .0876 0.0067
0.075 0.084 0.0063
0.0677 0.0607 0.0057
0.0954
0.0964
0.0899
0.0382
0.084
0.0816
0.0759
0.0794
0.0733
0.0702
0.0638
0.0671
0.0643
0.0642
0.0629
0.0597
0.0593
0.0509
0.0506
0.0405
0.0331
0.0373
0.0367
0.0364
0.0343
0.0316
0.0300
0.027
13.0
13.1
12.2
12.0
11.4
11.1
10.3
10.8
9.9
9.6
9.2
9.1
8.8
3.7
3.5
8.1
3.1
6.9
6.8
5.5
5.1
5.0
5.0
4.9
4.7
4.2
4.0
3.6
1/76000
1/76300
1/31600
1/33100
1/37300
1/89800
1/97100
1/100000
1/101000
1/105000
1/108600
1/109300
.1/113600
1/114300
1/117600
1/122500
1/123000
1/144900
1/147000
1/131800
1/196000
1/197600
1/204000
1/204000
1/211400
1/233000
1/245000
1/310000
1/76300
1/76300
1/77500
1/73500
1/88500
1/94500
1/99000
1/100000
1/109000
1/100000
1/108600
1/103570
1/123500
1/114900
1/113600
1/125000
1/120300
1/151000
1/151000
1/136000
1/136800
1/195000
1/172000
1/196000
1/210000
1/210000
1/218500
1/345500
100.8
100.0
105.2
106.0
98.6
95.0
H7.7
100.0
92.0
105.0
100.1
100.3
93.0
99.3
104.0
98.0
102.0
95.7
96.0
97.1
105.0
102.0
109.0
104.1
100.3
110.0
112.0
39.7
1/4
1/4
1/4
1/4
1/4
1/4
1/2
1/4
1/4
1/4
1/4
1/4
1/4
1/4
1/4
1/4
1/4
1/4
1/2
1/4
1/4
1/4
1/2
1/4
1/4
1/4
1/2
1/2

Oxidation of Chloropicrin by Hydrogen
Peroxide Determination of Hitrogen.
While the work on strong solutions of sodium peroxide was
being conducted, the first difficulty which had to he remedied in
the phenol di-sulphonic acid was the large residue remaining on
evaporating the aliquot. The use of hydrogen peroxide suggested
itself and if satisfactory would avoid any residue coming from the
peroxide* The Z% hydrogen peroxide was used, but an objection to
its use was the high chloride content. It was necessary to use
such a volume of the hydrogen peroxide that a high chloride blank
was always obtained.
The Phenol di-sulphonio acid method as outlined was used.
The results are satisfactory and show that the method may be used
with good results. The 2 l/2 liter Vacuum Bottle method was used
to decompose the chloropicrin.
TABLE 73*
Hydrogen Peroxide absorbing Solution
125 cc. Hydrogen Peroxide (3%) in 15 cc. of 10% Alcoholic
Sodium Hydroxide*
(Jm. G]eu fer Mgm. Chioro- Parts Coneen- Concen-
Chloropicrin
Taken Found
cent
Decom-
position
picrin
per liter
per
mil-
lion
tration
taken
tration
found
0.0097 0.00957 98*62 3.68 528 1/1691 l/l919
0.0049 0.00488 99.6 1.96 668 1/1497 1/1504
0.0302 0.0293 97.1 12.08 1646 1/608 1/626
0.0531 0.0547 103.0 21.24 2894 1/345 1/335
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Colorimetric Determination of Trinitrotoluene*
For the oxidation of the trinitrotoluene a 5% aqueous
solution of sodium peroxide was used. In the cold the reaction
was rather slow and it required about 36 hours to dissolve the
trinitrotoluene. On warming the speed of reaction was greatly
increased. The solutions obtained were colored light yellow
and could probably be compared quantitatively with a standard
trinitrotoluene solution. This was not studied any further*
An aliquot was taken in a porcelain evaporating dish, evaporated
to dryness, treated with Z cubic centimeters of phenol di-sul-
phonic acid. This was washed into a Uessler tube and diluted to
40 cc and made up to the 50 cc. mark with concentrated ammonium
hydroxide. Readings were made with Duboscq colorimeter using a
standard similarly prepared from sodium nitrate for comparison.
A blank determination was made along with the determination.
RESULTS
TABLE 74.
T.H. T. cc* of T.U.T. Percent
taken 5% BapO found found
Cm* used**5 8 ffm*
0.0133
0.0112
0.0103
10
10
10
0.0132
0*0116
0*01092
99*25
103.57
101.10
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Determination of a Mixture of Chloropiorin and Trichlor
methylchlorformate ( Stiperpalite) with Sodium Peroxide.
The method for the determination of a mixture of chloropi
crin and Superpalite depends on the oxidation and decomposition of
these compounds by means of an aqueous solution of sodium peroxide
A single sample only is necessary whether the Direct or Vacuum
Bottle method of decomposition is used. An aliquot is used for
the determination of the sodium nitrate formed "by the oxidation of
chloropiorin "by the phenol di-sulphonic acid method* Another
aliquot is used for the determination of the total chlorides. The
chloride due to chloropiorin is deducted from the total chloride,
and the result is eiqpressed as superpalite. Concentrations of the
gaseous mixtures were used, and the amount of each component was
varied from 30$ to 70$. The results ohtained for "both chloropi-
orin and superpalite were as accurate in the various mixtures as
when the sodium peroxide method is used on each component.
Experimental . •
Samples of the mixture were collected in evacuated 2 l/2
liter "bottles. 50 cc. of 1% solution of sodium peroxide were
introduced into the "bottles. The "bottles were shaken 15 minutes
on the wheel and allowed to stand overnight. The contents of the
"bottles were then transferred to volumetric flasks and an aliquot
taken for the total chloride determination.
Total Chloride.
The standard sodium peroxide method was used for the
determination of toal chloride.
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Determination of Chloropicrin as the Uitrate.
The phenol di-sulphonic acid method was used for the
determination of the nitrate present. Blank determinations
were made at the same time*
The chloride due to chloropicrin was calculated from
the equation.
14:01 : 3(35.46) Wt. of Uitrogen found : X.
The value of X. subtracted from the total chloride found,
divided "by the theoretical amount of chloride present in the
Superpalite taken gives the per cent of Superpalite found.
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TABLE 75.
Determination of Mixture of Chloropicrin and Superpalite
50 cc. \% Sodium Peroxide solution.
Time Shaken, 10-15 minutes.
Time Standing - Overnight.
Mg5u Mgm. Mgm. TSgl Compo- fo % %
Chloro-Chloro- Super- Super- s:'tion of Chior- Super-
piorin piorin Cone. palite palite Cone, mix- Total picrin palite
Taken per L. Taken Taken per L. Taken ture CI Pound Found
Chi or. Super. Pound by
Diff.
8.7 3.472 1/228 8.1 3.240 l/308 52 48 101.53 99.97 102.5
8.7 3.472 1/228 7.3 2.912 l/344 54 46 100.08 100.54 99»5
5.5 2.212 1/452 7.5 2.980 l/335 42 58 102.10 104.11 101.4
6.3 2.50 1/400 8.3 3.32 l/301 43 57 100.22 96.34 102.8
SUMMARY.
Tfie use of sodium peroxide for the determination of nitro-
groups in organic compounds by modifying the phenol di-sulphonic anid
method, when chlorides are present, gave accurate results on chloro-
picrin and Trinitrotoluene. The determination was very accurate for
1 part of chloropicrin in 150,000 of air. The method W8S then ex-
tended to the analysis of a mixture of chloropicrin 8nd triehloro
methyl chloroformete in low concentrations with good results.
The use of sodium peroxide may be extended to the determi-
nation of other nitro compounds, and if satisfactory, should make
this method a desirable one to use in Organic Analysis.

III. SAMPLING OF GAS CONCENTRATIONS.
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III. SAMPLING OF GAS CONCENTRATIONS.
The sampling of gaBes in the experimental study of
gas concentrations is a very important problem . The collec-
tion of samples must be carried out with several purposes in
mind. The method used depends largely on thecondi tions of
the experiment and the purpose of conducting it. The term gas
as used includes not only substances which are gases at ordinary
temperatures, but also liquids of high and low vapor pressure,
as well as solids. In producing a concentration of a liquid
and solid, the use of a detonator produces a vapor or finely
atomized spray condition of the liquid as well as a gaseous
phase, and a very finely divided particulate phase of the
solid. Sampling concentrations of this nature requires the
use of special apparatus.
It is necessary to know the rate of drift of the gas
cloud, its depth, its breadth and the distance the effective
concentration will travel. The sampling is carried out in
the open, in trenches and dugouts. During artillery fire
from a battery of guns, samples are collected at the target.
Hand sampling under these conditions is impossible. In
static trials, hand sampling is possible in the trenches with
proper precautions. 7or artillery fire tests it is necessary
to use a safe method of sampling which is accurate and ef-
ficient.
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Taking gas samples under field conditions requires
care and accuracy. The sample must be collected in such a
manner that all the data regarding that sample may be abso-
lutely obtained: for example, the volume of the sample
bottle, the exact time at which the sample was taken, the
concentration of gas in the sample bottle representing the
concentration of that position at the time when that sample
was taken, and exact location of the position in which the
sample was taken must all be carefully recorded. When the gas
cloud is moving quickly a container must be used that will be
filled almost immediately after the necessary step has been
taken to obtain the sample. The evacuated bottle fulfills
these conditions as completely as it is possible to control
them in the field. ?or lower concentrations the size of the
bottle may be increased. When the concentrations are very
low, an Average sample gives the best results.
The methods of sampling and the types of Apparatus
used for the collection and handling of samples in experimen-
tal work are here described. The apparatus was used on con-
centrations of substances containing either a halogen or a
nitrogen, and the analysis was made for of these elements.
The wide application which can be made of these methods of
sampling and apparatus makes it desirable to describe them
somewhat in detail.
Three types of sampling device were used. Two
were automatic, being electrically operated, and the third
was hand operated.
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1. The Automatic Electrical Gas Sampler, fitted with
an evacuated bottle and an electrical magnet, gives an in-
stantaneous sample when the magnet functions.
2. The Automatic Average Gas Sampler is equipped
with three copper cylinders. An opening at the "bottom of
each cylinder is closed by an electrical magnet. The cylin-
ders are filled with water. The opening at the top is con-
nected with a set of absorption bottles. When the magnet
functions, the water in the cylinder runs out and an equal
volume of air is aspirated through the absoprtion bottles.
The size of the copper cylinders used may be varied in size
to meet the conditions. The size of the opening at the bottom
determines the length of time in which the c opper cylinder will
empty.
3. The Hand Gas Sampling Pump may be used to give
an average and a continuous sample. The Pump consists of the
tank, drum and two-way valve. The drum may be drawn up and
let down in the Tank much like a piston. A water seal between
the tank and drum makes the connection air tight. An absorp-
tion bottle is fastened to the two-way valve. As the drum is
drawn up, an equal volume of air is aspirated through the ab-
sorption bottle, the two-way valve and into the drum and is
held there by the water seal. The air is allowed to escape
by turning the two-way valve and lowering the drum.
The evacuated gas sample bottle in the Automatic
Electrical Gas Sampler, was used with greater ease and rapid-
ity than the other two types of apparatus. A large number of
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samples could easily be collected in this manner and transport-
ed from the field to the laboratory. The evacuated sample
bottle is especially desirable where the concentration is
rapidly dispersing. Concentrations produced from liquids and
solids must be taken instantaneously at the desired time as
the maximum concentration is maintained but a very short time.
An Average Sample usually compares favorably wi th the mean of
a series of instantaneous samples at a given position.
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AUTOMATIC ELECTRICAL GAS SAMPLER
.
The apparatus consists essentially of the evacuated
sample bottle, the sample "bottle box, the electrical magnet
and coil, the magnet support and the electrical connections
with the keyboard at the observation tower.
(A) Sample Bottles
.
Several types of Vacuum bottles were used
varying from 2^ to 5 liters in capacity. The Lakehurst Prov-
ing Ground Vacuum Bottle was also made with a capacity of 5
liters. Vacuum bottles sealed off at evacuation were very
convenient due to the fact that they were alwaysready for use
and the pressure remained constant. Bottles fitted with
rubber stoppers were also used, but were always evacuated
just prior to using.
The flela bulb (A. Photograph No. l) is a round
bottom bottle having a capacity of 2£ liters and weighs 8
ounces. It fits snugly into the sample box. A Nela Lamp
Works Apparatus for evacuating electric light bulbs is used
to evacuate and seal off the bulbs. A large vacuum pump re-
duces the pressure to about 20 mm. and the pressure is re-
duced to 1 to 5 mm. by multiple vacuum pumps. The Nela bulb
is ready for use at any time and retains its original pres-
sure. The bulb may be used over again and again by sealing
a new glass tip on the bulb and re-evacuating it.
The Nela bulb was too fragile for constant field
usage. It was found that a strain was developed in the glass
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PHOTOGRAPH NO. I
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due to the process of manufacture or of evacuation, with sub-
sequent cracking of the bulb when the vacuum was released.
The round bottom of the 'bulb always made it necessary to sup-
port the bottle.
The second type of sample bottle is the ordinary
2£ liter acid bottle with the ground neck (B Photograph No. l).
This sample bottle consists of the bottle proper,
the special size Ho. 23 rubber stopper (c), glass connection
tube (d), heavy pressure tubing (e), glass capillary tip (f),
and the special brass screw clamp (g).
The glass tubing has a 2 mm. wall, and an outside
diameter of 10 mm. which insures a very tight connection be-
tween the glass and the rubber tubing. The tip is made from
the same kind of glass tubing. Various forms of tips may be
used, depending on whether a single, duplicate or triplicate
sample is desired. The set up for a single sample is shown
in Photograph Ho, 3, 4 and 5, and for a duplicate sample in
Photograph llo. 6. For triplicate samples a cross tip is used
instead of the T tip in duplicate samples.
The Nela bulb could only be used for taking single
Bamples. The 2£ liter acid, bottle was easily adapted for
duplicate samples. The disadvantage of the Acid bottle was
in the fact that it had to be evacuated just before using.
The stopper was always inserted by means of an especially de-
signed Stopper Holder, which inserted the stoppers much more
securely than it was possible to do by hand. In spite of
this fact there was always some leakage after four hours.
After the sample had been collected in the field and the
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pressure in the bottle was atmospheric, it was found that dur-
ing transportation to the laboratory a stopper might become
loosened unless a clamp to hold the stopper in the bottle was
used.
The L. P. G. Vacuum Bottle (Photograph j\to. 2) in-
cludes the good points of the first two bottles with as few
of their disadvantages as possible. This bottle weighs about
700 grams and is made with a capacity of 2£ to 5 liters. It
is made of extra heavy lime soda glass and' is carefully temper-
ed. In the process of tempering, the temperature is kept at
1800° - 1900° Fahrenheit for twelve hours, and then slowly
cooled over the same period of time. As blown in the mold
the neck of the bottle is made in two sizes. The second or
smaller size is drawn down with a gaffering tool to a quarter
inch bore with a ring finish. The bottom of the bottle is
somewhat concave, making it stronger for evacuation purposes
and allows the bottle to stand unsupported.
A glass tip may be sealed on the L. P. G. bottle
and it may then be evacuated and sealed off as is done with
the Nela bulb (2, Photograph No. 2). The bottle may be stored
and used at any time. The ring neck shown in bottle No. 1
photograph No. 2 may be left on and a piece of rubber tubing
slipped over the ring, and fitted with a tubing clamp and a
glass tip. (3 Photograph No. 2). Only a very small portion
of the rubber tubing beneath the clamp is in contact with the
gas sample. The bore of the neck of the L. P. G. Vacuum
Bottle is so small that the chemical action of the gas on the
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rubber is negligible. The rubber stopper of the 2£ liter bottle
is eliminated, with very good results; in the Z\ liter acid
bottle a constant source of trouble is the necessity of having
the stoppers fit tight. The L. P. G. Vacuum Bottle can be
used for duplicate samples with better success than the 2£
liter acid bottle. The L. P. G. Vacuum Duplicate Bottle has
no stopper to adjust and the side arm is sealed directly on
it, whereas in the acid bottle it is inserted through a rubber
stopper. By eliminating several rubber connections the L.P.G.
showed marked advantages over any other bottle. (4 Photo-
graph No. 2). It has been shown in tests that the arrange-
ment with the rubber tubing over the ring neck (3 Photograph
No. 2) retains its vacuum as well for 36 hours as it does for
10 minutes.
(B) Sample Bottle Box .
The box is made of hard wood (See Photograph
No. Z, 5j having an inside diameter of 5" and walls of
7/8 H material. The box is 15 M high (See Plate No. 11 ) . For
duplicate samples, an arrangement as shown in (5 Photograph
No. £) is used. The sample box is equipped with two thumb
screws (H, Photograph No. 4) placed 5 W apart, for the pur-
pose of holding the magnet support. Two 1/4" slots are cut
into the box into which are passed the thumb screws (K) for
holding the cover. The two shaped stake holders (L)
Photograph 3 and 4) are screwed into one side orend of the
box, through which a stake may be driven to hold the box in
a horizontal or vertical position. The cover of the box
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(M, Photograph 5) fits over the top of the box and holds the
bottle in place and also prevents breakage from shell frag-
ments.
The horizontal sampler may be used where the boxes
may be put on shelves in trenches, etc. In the open or on
the ground, the vertical sampler must be used. The arrange-
ment of the Magnet Support is the only difference between the
Vertical and Horizontal Sampler.
(C) Magnet Support.
The form of magnet support (N Photograph No.
3 and 4) varies with the vertical and horizontal type. The
dimensions of the vertical magnet support are given in Plate
No. 1, the dimensions of the horizontal support are identical.
The magnet support contains a slot (0, Photograph 4), through
which the thumb screws (H) on the sample bottle box pass;
this allows for the necessary adjustment due to irregularity
of tip lengths, etc. and also allows the magnet support to be
easily shifted to one side to replace a bottle that has been
used. Projecting from the magnet support is the glass tip
clamp (P, Photograph 3 and 4). The glass tip is run through
the hole (Q, Photograph No. 5) and the clamp is tightened by
means of the thumb screw (R, Photograph No. 4). The curved
block (S, Photograph No. 4) on the vertical magnet support
serves as a pulley over which the chain slides after the
weight has fallen from the hook. Photographs I os. 3, 4, 5,
and 6 fully illustrate the support. The electrical binding
posts T are shown on all of the Photographs.
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Electrical Magnet and Coil .^
The magnet and coil are fastened to a casting (U,
Photograph No. 3), this in turn is fastened to the magnet
support. (Photograph 3, 4, and 6 and Plate Ho. 1 and 2).
In an ordinary field experiment, six storage batteries are
used, furnishing 36 volts. The current enters the binding
post atv T, (Photograph No. 3) and passes to the connection at
W. This connection is insulated from the casting U. The
current then passes through the spring circuit breaker X
and through the soft iron bar Y (which is hinged), also
through the casting U, then through a lead around the coils
and back to the remaining binding post. The current passing
around the coil magnetizes the core, which draws the soft
iron bar to it, permitting the lead weight of 0,45 kilogram
to slip off the hook (2) and thus break the tip of the "bottle.
To the weight is attached a brass chain fitted with a small .
copper cap (3), which fits snugly over the end of the glass
tip, and makes a clean break when the weight is released.
With a small file, a scratch is made on the glass tip, and in
this way the breaking of the tip is controlled. The small
circuit breaker prevents the passage and wa3te of current
after the weight has dropped, by breaking the circuit between
the arm (4) and soft iron bar (Y, Photograph No. 3) and Plate
No. 2. By means of the circuit breaker one can immediately
see whether or not a given magnet has functioned properly.
1. The Electromagnet was designed by Wm. S. Bacon.

155
As soon as the magnet has functioned the circuit breaker breaks
connection and allows no more current to pass through.
Electrical Connections, Keyboard, etc.
The trench system used for experimental work was a
reproduction of sections of trenches. The trench was pro-
vided with one shelf two feet from the trench floor, and
another four feet from the floor upon which the horizontal
type of sampling apparatus was used. The parapet of the trench
wa3 from six to seven feet from the trench floor and the ver-
tical sampling apparatus was used here as well as in the open.
Each yard of the trench was provided with electrical connec-
tions having a separate lead to the keyboard in the observa-
tion tourer which was located about 150 yards from the trench.
By pressing the button on the keyboard for a certain position,
the circuit was closed, causing the weight to fall. The tip
was thus broken off the bottle and the gas and air were per-
mitted to enter. The keyboard was so arranged that any
number of individual samples could be taken whenever desired
by pressing the correct buttons, though the use of a common
switch made it possible to take all the samples at once. The
circuit was always previously tested by a small ammeter on
the keyboard which showed whether the circuit breaker was
making proper contact with the bar of the magnet. The cur-
rent used in the ammeter to test the circuit was too small
to magnetize the core and cause the weight to fall. As soon
as the sample had been taken the ammeter was again used to
see if the magnet had functioned.
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Aufomaf/c E/ecfr/ca/ 6as Sampling Apparatus
Verhca/ Type
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Hagnet for Automat/c Elecfr/ca/
Gas Samp//ng Apparatus
(Vertical Type)
PLATE NO. 2
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PROCEDURE FOR GAS SAMPLING UNDER FIELD CONDITIONS.
The L. P. G. Vacuum Bottle with rubber tubingcon-
nection (3, Photograph No. 2) or the 2£ liter acid bottle are
evacuated to 15 - 25 millimeter pressure. The tubing clamp
is then tightened and the glass tip, drawn out and sealed at
one end, is inserted into the rubber tubing. The bottles are
fitted with the desired glass tip, depending on the nature of
the experiment, whether single, duplicate or triplicate samp-
les are to be taken. The L. P. G. Vacuum bottle (2, Photo-
graph 2) fitted with the glass tip and sealed off during
evacuation may also be used. The pressure in each bottle and
its capacity are recorded as part of the data.
The bottles, sample boxes and other equipment are
taken to the trenches and placed in the desired sector of the
trench. The boxes are placed on the shelves, and the bottles
placed in them. If duplicate samples are to be collected,
the bottles are fastened together and the magnets are attached
to the boxes. The electrical connections having been made
and tested, the tubing clamp3 are released. The glass tip on
each bottle is lightly scratched with a file. The weights
are hung on the hook of the magnet and the copper cap is
placed over the glass tip.
A final inspection should show the circuit breaker
above the bar of the magnet in each case and all connections
properly made. A record of the number of each bottle and
exact location in the trench or in the open is taken.
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During artillery fire on the trench, sanples are
taken when observations at the tower show the best gas wave.
The time of sampling is recorded. After cessation of firing,
the tubing clamps are closed. 10 - 15 minutes usually elaps-
es between the fall of the last 3hell and closing of the last
bottle. It is assumed that the diffusion through the capill-
ary of the broken tip during this time interval is negligible.
After dismantling the apparatus, the bottles are returned to
the laboratory. The absorbing solution is introduced by
means of the Lakehurst Proving Ground (L.P.G.) Filler, design-
ed for this purpose. The bottles are shaken on the shaking
wheel for one-half hour and immediately analyzed or preferably
allowed to stand a few hours before analysis. As an alter-
native the bottles may be thoroughly shaken and allowed to
stand over night before proceeding with the analysis.
The L.P.G. Filler .
The introduction of 50 cc. of absorbing solution to
a bottle containing the sample of any gas must be done without
loss of the gas in the displaced air-gas mixture. The L.P.G.
Filler introduces the absorbing solution without loss of any
displaced gas and makes it possible to introduce the absorb-
ing solution quantitatively. It is possible to handle a
large number of samples quickly and efficiently by using
the Filler. The Filler is made in two designs and both have
been used daily for six months with very satisfactory results.
Description .
The two types of Fillers are of the same dimensions,
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"both working similarly and equally well. The Filler illus-
trated in Fig. 1, Photograph Ho. 2» depends upon the siphon
(F) to draw the solution into the "bottle. The Filler in
Fig. 2, has a coil (G) which draws the solution into the bottle.
The "broken tip is removed from the bottle and the Filler is
inserted (Photograph No. 8). The absorbent is poured into
the funnel (A), and part of it flows directly into the bottle.
The pressure of the displaced air causes some of the absorbent
to rise in bulb (B) and almost fill it. The displaced air
bubbles through the absorbent in (B) and the gas present in
the air-gas mixture is absorbed. The Filler is so made that
the bulb (B) will always contain some absorbent until the
necessary amount of air has been displaced. The bulb (A)
empties very quickly, but the tubing is filled until bulb
(B) is empty. The displaced air always passes through bulb
(3), which contains absorbent as long as any air is passing
out. The reason for its going to the sidearm at (B) rather
than at (A) is due to the fact that (B) is the shorter arm,
and has the lower water level, and hence offers the less
frictional resistance. The L.P.G. Filler will take the
absorbent very quickly, although it is best not to let the
bulb (B) fill up too high because the air bubbling through
the absorbent too quickly causes splashing into the spiral
(E). To prevent loss of any absorbent due to violent bubbling
of the air, the bulb (B) is fitted with a spiral (E).
Dimensions of the L.P.G. Filler.
The total length from top of bulb (A) to end of
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tube (C) is 23 cm. The distance from "bottom of bulb (A) to
end of tube (C) is 18 cm., making the length of the bulb (A)
from the top to point of connection with the side-arm 5 cm.
The diameter of (A) is 45 mm., while the diameter of the
smaller bulbs is 20 mm. It is 14 cm. from the bottom of (A)
to the connection at (D). The top of bulb (b) is almost in
line with the bottom of bulb (A), the side-arm being 14 cm.
long.
The siphon (F), and coil (G), are each 9 cm. long.
The side-arm of bulb (b) is 4 cm. from the side-arm of bulb
(B).
The coil (G) has 5 turns, vihile the spiral (E) may
have 2 or 3 turns. The opening of spiral (E) is about 2 mm.
in diameter. 7 mm. tubing is used in making the apparatus.
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To show that the L.P.G. Filler introduces the ab-
sorbing solution into the Dottle quantitatively or within ex-
perimental error, several experiments were conducted. absorb-
ing solutions containing high and low amount of chloride were
introduced into Z\ liter sample bottles, containing air with
• the L.P.G. Filler in the same manner in which it is used to
introduce the absorbing solutions into a large number of sample
bottles. In view of the fact that most all the gases used
contained halogen, any loss of absorbing solution while intro-
ducing it into the bottle would represent a loss of chloride,
and would be calculated as so much gas. Thus giving a higher
concentration of the gas than was actually present. The ex-
periments conducted show that the Filler is accurate and ef-
ficient. Titrations of absorbing" solutions introduced with
the Filler checked closely with aliquots of the absorbing
solutions measured directly into an Erlenmeyer flask. The
results show that even with a solution of 2>% sodium hydroxide
as the absorbent, which has a high chloride content, the re-
sults are within experimental error. It is safe to conclude
that the error due to variation in the volume of absorbent
introduced into the sample bottle by means of the Filler is
negligible. Three solutions were used, sodium hydroxide,
sodium sulphite and sodium peroxide. Of these the first is
very high while the last is very low in chloride content.
2% Sodium Hydroxide Solution.
A 2>% solution of sodium hydroxide was prepared.
A 50 cc. portion (Sample B ) was measured out into an Erlenmeyer
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flask. Other 50 cc. portions (Samples 1-5) were introduced
into 2£ liter acid bottles through the Filler. The solutions
were transferred to Erlenmeyer flasks, and the chlorides de-
termined by the Volhard Method using N/100 solutions.
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Z% AQ.UE0U3 SODIUM HYDROXIDE ABSORBENT.
No.
OC.of
N/100
AJ03
CG.of
N/100
NaCNS
CC. of
N/100 AgN03
Needed to
PPt. Chloride
s
in NaCH
Difference
Between Blank
<Sc Samples
Intro, thru
L.P.G. Filler
B. 15.78 7.98 7.80
1 15.78 7.64 8.14 -0.34 cc.
2 15.78 8.46 7.32 -0.48
3 15.78 8.08 7.70 -0.10
4 15.78 8.28 7.50 -0.30
5 15.79 8.03 7.75 -0.05
ALCOHOLIC SODIUM SULPHITE ABSORBENT
.
A 3% alcoholic sodium sulphite solution (Z% Na2303
in 30% alcohol), was used as the absorbing solution. 50 cc.
of this solution was introduced into the 2£ liter sample
bottle by means of the L.P.G. Filler. The contents of the
bottle wa3 then washed into Erlenmeyer flasks and the chlorides
were determined by the Volhard Method, using N/100 solutions.
Another 50 cc. (B) was introduced directly into an
Erlenmeyer flask and run in the same manner as the above.
AQ.UE0U5 SODIUM PEROXIDE ABSORBENT .
Solutions of 1^% and b% aqueous sodium peroxide
were also used and run as stated above for the sulphite so-
lution. Nos. 1 - 5 in each case were introduced through the
L.P.G. Filler. The one marked "Blank" was measured out in a
graduate cylinder and transferred directly to an Erlenmeyer
flask.
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ALCOHOLIC SODIUM SULPHITE ABSORBENT .
No. CC.N/100 AgN03 CC .N/lOO NaCNS CC.N/lOO Difference in
Added Added AgNO^ cc. between
Blank & sam-
Used pies intro-
duced thru
L. P. G. Filler
Blank 9.35 9.09 0.26 None
1. 9.35 9.09 0.26 M
2 9.35 9.20 0.15 -.11
3 9.35 9.09 0.26 None
4 9.35 §.09 0.26
5 9.35 9.20 0.15 -.11
b% AQUEOUS SODIUM PEROXIDE ABSORBENT.
Blank 9.35 9.09 0.26 None
1 9.35 8.98 0.37 -Kll
2 9.35 9.09 0.26 None
9.35 9.09 0.26 •i
4 9.35 9.20 0.15 -.11
9.35 9.20 -.11
1-&S AQ.UE0U5 SODIUM PEROXIDE ABSORBENT.
Blank 9.35 9.20 0.15 None
1 9.35 9.20 0.15 H
2 9.35 9.09 0.26 4-. 11
3 9.35 9.20 0.15 None
4 9.35 9.20 0.15 N
5 9.35 9.20 0.15 H
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Shaking Wheel
.
For the analysis of a large number of gas samples
collected in the field or prepared in the laboratory, consider-
able time and energy is consumed in shaking the bottles. The
shaking wheel (Photograph fto. 9) eliminates the shaking of
the bottles by hand and makes it possible to handle twelve
samples at once. Each bottle receives identically the same
amount of shaking that every other bottle does. In this way,
it is possible to obtain strictly comparable results.
The shaking wheel consists of the wheel; brass
binding straps and clamps; angle iron stops; the hub and wall
support, and the electrical motor. The veloci ty of the wheel
is regulated by means of friction drive. The speed of the
wheel is bo adjusted that the entire surface of the bottle is
thoroughly washed by the absorbing solution.
2 Automatic Average Sampling Apparatus .
It is very desirable in many instances to obtain
samples over a longer period of time which will give the aver-
age sample during a certain period. This is especially im-
portant where the concentration is very low. The Automatic
Average Sampling Apparatus is designed to give samples over
a longer period of time. Used in the open, during artillery
fire, the apparatus must be protected by sand bags; in the
trenches and dugouts no precautions are necessary.
The important points concerning the Average Sampling
Apparatus are
:
1. It is well suited for determining average
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concentrations of gases.
2. By taking a larger sample a lower c on cent rati on
of gas may be analyzed.
3. Each of the three tanks may he operated as a
separate unit; or by using the gravity check valve, each tank
may operate separately as part of one unit. Only one set of
absorption bottles is then required.
4. The electromagnet tripping device automatically
releases the plug and allows the water to run out.
5. The compact construction of the apparatus. The
whole apparatus is fitted in an air tight wooden box to pre-
vent corosive action of gases on the metal parts as much as
possible.
The apparatus consists of three copper cylinders
with a cone shaped top, terminating in a neck made to fit a
No. 6 rubber stopper. Each cylinder has a capacity of twenty
liters. The size of cylinder in use varied from 2 liters to
200 liters in capacity. Each stopper is fitted with a piece
of glass tubing about 3 inches long, and by means of pressure
rubber tubing is connected with its own valve on the gravity
check valve. The gravity check valve is fastened in the
corner of the box. From the check valve, another piece of
rubber tubing connects with the absorption bottles. Leaving
out the check valve each cylinder may be used as a separate
unit, and having its own set of absorption bottles.
The whole apparatus is enclosed in a wooden box
to prevent unnecessary exposure to corrosive gases. Photo-
graph No. 10 A and B, shows the box and the copper cylinder
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removed from the box. The magnet box (C) is made of sheet
iron. It is fitted under the copper cylinders water tight.
Plate No. 3 gives the details as to the construction
and dimensions of the box and cans. In front near the bottom
of the box is a hinged door. A sloping bottom beneath the
copper cylinders serves to drain off the water as the cylin-
ders are being emptied.
The bottom of each cylinder is fitted with a plug
connected through a tripping device to an electromagnet.
Photograph No. 11 is a near view of the magnet box, magnet
and tripping device. Plate No. 4 gives the actual size of
the magnet and the manner in which it is connected to the
tank when the tripping device is in place. As stated above
the magnet box is water tight and is not easily accessible.
The magnet is adjusted by pulling the trip. (Plate 4). In
doing this the plug at the bottom of the copper cylinder is
placed in position. The cylinder is then ready to be filled
with water, and connected to the absorption bottles. When
the current passes through the magnet, the plug in the bottom
of the cylinder is released and as the water runs out, an
equal volume of air and gas is aspirated through the absorb-
ing solution. The magnet is also provided with a circuit
breaker which serves to test the current.
At first it was necessary to use one wash bottle
for each cylinder, but the introduction of the gravity check
valve made it possible to use only one set of absorption
bottles for each apparatus. In low concentrations a sample
three times as large is readily obtained.

17
The gravity check valve (Plate No. 5) consists of
three superimposed brass plates, each four inches long and
two inches wide by one quarter inch thick, andfour 1/4 inch
copper tubes and valves numbered 0, 1, 2, 3, respectively.
The check valves are in the copper tubes, and the latter also
serve as the rubber tubing connections. The superimposed
brass plates form an internal chamber through which the air
passes when it is aspirated through the absorption bottle
valve to the valve of the tank which is functioning. No.
is attached to the absorption bottles by means of tubing, and
functions with either of the other three valves, each one of
which is attached to the top of one of the copper cylinders
by rubber tubing. When cylinder No. 1 is discharging water,
air is drawn through the wash bottle, and valves No. and
No. 1, but valves Nos. 2 and 3 are closed. As soon as
cylinder No. 1 has been emptied, valve No. 1 closes, and when
cylinder No. 2 is opened, valve No. 2 is working while valves
Nos. 1 and 3 remain closed. Each valve remains closed auto-
matically and only when a current of air is drawn into the
chamber formed by the brass plates, will air pass through
any of the valves connected to the copper cylinders. Without
the gravity check valve a separate set of absorption bottles
must be used for each cylinder. If the copper cylinders
were connected as a unit without the check valve, after
cylinder No. 1 is empty, the air aspirated by cylinder No. 2
will not be drawn through the absorption bottle, but through
cylinder No. 1. With the gravity valve this is impossible,
as each valve closes as soon as the cylinder is empty. For

low concentrations this method of sampling is advantageous,
because a sample three times as large is obtained. The
sample will also represent the average concentration over a
longer period of time.
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5. Hand Gas Sampling Pump.
The Pump is made of copper and is 15-$ H high and
10" in diameter. The essential parts of the pump are the
tank, drum, and the two-way valve. The drum fits into the
tank and an air tight connection is made wi th a water seal.
By drawing the drum upward, air and gas is drawn into the
drum through the valve and is confined under the drum. By
connecting the two-way valve to an absorption bottle a measur-
ed volume of gas may he drawn through the absorbing solution
as the drum is lifted.
The drum removed from the tank or pump is shown in
Plate 6. The drum is fitted with a piston that fits into
the cylinder of the pump. The outside of the piston at the
bottom is very finely threaded. On this thread is fitted a
diaphragm nut. By tightening or loosening this nut the ca-
pacity of the pump can be regulated from 5.7 liters to 6.7
liters per stroke.
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The length of stroke can be increased 2-3/8" by
loosening the nut. The drum cannot be removed from the pump
unless the diaphragm nut on the piston is screwed off.
Water is used as the air seal between the tank and
drum, the amount required is 1405 c.c. Any more water will
cause trouble by some of it getting into the £ H intake pipe.
From the top of the pump or tank (see Longitudinal View of
Pump Plate 6) to the bottom and making a bend is a £ M pipe,
which comes up three-fourths of the way on the outside of the
pump and ends in a two-way valve (See Valve Plate 7).
The pump must be carefully calibrated in the same
manner in which it is to be used in taking samples. Varying
the amount of absorbing solution, shape of absorption bottle,
rate of drawing up the drum will seriously affect the results.
The amount of absorbing solution is easily kept constant and
so is the type of absorption bottle. The speed with which
the air and gas are aspirated through the absorption bottles
must not be so fast that some of the gas passes through un-
absorbed. It should take 4-5 minutes to lift the drum with
a slow steady pull so as to insure an even flow of gas through
the absorbing solution. When the drum is lifted the full
length of its stroke, the two-way valve is turned and the
drum is slowly lowered, thus allowing the air to escape.
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A systematic and efficient method of sampling and
procedure for handling samples of gas concentrations in the
field was developed and used with good results.
Concentrations of one gas or mixtures were automati-
cally sampled by means of the electro magnet and evacuated
"bottle. A new vacuum "bottle for field use was designed and
used. A Filler for introducing absorbing solutions into a
bottle containing a sample of gas without loss was perfected
and used. For determing a very low gas concentration, the
Automatic Average Gas Sampler was used. This apparatus was
improved by using a gravity check valve, to give a sample over
a longer period of time. The use of the Hand Sampling Pump also
gave the average concentration for a certain position. The
Pump could be operated continuously as long as the gas cloud
was present*
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